WORLD INTELLECTUAL PROPERTY ORGAHIZATIOK 
International Bureau 




per 

INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCI) 



(51) Interaatioaal Patent QassiJicatioii ^ : 
A61E 31/435, C07D 22^02 



Al 



(11) Intemational PabiicatioD Number: WO 93/23040 

(43)lDtenialioiialPDblicationDate: 25 November 1993 (25.11.93) 



(21) iBteniBtioiial Application Nnmber: PCTAJS93/04746 

(22) International Filing I>ate: 19 May 1993 (19.05.93) 



(30) Priori^' data: 
£86,031 



20 May 1992(20.05.92) 



US 



(60) Parent Application or Grant 
(63) Related by Continuation 
US 

Filed on 



886,031 (CIP) 
20 May 1992 (20.05.92) 



(71) Applicant (for all designated States except US): MERCK & 
CO., INC. [US/US]; 126 East lincoln Avenue, Rahway, 
NJ 07065 (US). 



(72) iDY^tors; and 

(7^ Inventors/ Applicants (for US only) : WITZEL, Bruce, E. 
[US/US]; 115 Scotch Plains Avenue S., Westfield, NJ 
07090 (US). TOLMAN, Richard, L, [US/US]; 29 Upper 
Warren Way, Warren, NJ 07059 (US). RASMUSSON, 
Gai>', H. [USAJS]; 155 Park Place, Watchung, NJ 07060 
(US). BAKSHI, Raman, K fIN/US]; 9 Azalea Drive, 
Edison, NJ 08820 (US). YANG. Shu, Shu [US/US]; 324 
EOeen Way, Bridgewater, NJ 08807 (US). 

(74) Agent: QUAGLIATO, Carol, S.; 126 East lincohi Ave- 
nue, Rahway, NJ 07065 (US). 

(81) D«ignated States: AU, BB, BG, BR, CA, C2; FL HU, JP 
KR, KZ, LK, MG, MN, MW, NO, N2, PL, RO, RV] 
SD, SK, UA, US, European patent (AT, BE, CH, DE, 
DK, ES, FR, GB, GR, IE, IT, LU. MC, NL, PT, SE), 
OAPI patent (BF, BJ, CF, CG. CI, CM, GA, GN, ML, 
MR, NE, SN, TO, TG). 



Published 

intemational search repon. 



(54) Tttle: 17-ETHERS AND 1HIOETHERS OF 4-AZA-STEROIDS 




(I) 



(57) Abstract 

Compounds of formula (I), wherein Z contains an ether or thioether moiety, are inhibhors of the Sa-reductase enzyme and 
isozymes thereof. The compounds are useful for the treatment of hyperandrogenic disease conditions and diseases of the skin and 
scalp. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used, to identify States party to the PCI' on ihe front pages of pamphlets publishing international 
applications under the PCT. 



AT 




FR 


France 


MR 


Mauriuxnia 


AU 


Australia 


CA 


Gabon 


MW 


Malawi 


BB 


Barbados- 


GB 


Unittti iCingdofn 


NL 


Nelhcrlonda 


BE 


Beij;ium • 


CN 


Guinea 


NO 


Norway 


BF 


Burkina Faso 


CR 


- Grucctr 


NZ 


New Zealand 


BC 


Bulgaria 


HU 


Hungary 


PL 


Poland 


BJ 


Bunin 


IE 


IrutaiuJ 


PT 


PortufKil 


BR 


Brayir 


rr 


Italy 


RO 


Rumania 


.CA 


Canaila 


JP 


Jafsan 


RU 


- Russian Federation 


CF 


Cjcnlral Arncan RcpidiUc 


KP 


Dunipcnitsc PcDpJti*^ Republic . 


SD 




CC 


Congo 




or Korea 


SE 


Sweden 


CH 


Swrilxcrlaml 


KR 


Republic of Korea 


SK 


Slovak Republic ' - 


CI 


C*dlc d'tvairc 


- KZ 


KansiLhsuin 




Senegal 


CM 


CaimurcMin 


u 


Licchiunsicin 


su 


. Soviet Union 


cs 


C 'xucbuhluvaL la 


LK 


Sri [«iaLa. 


TD 


Chad 


cz 


Cjeccli.KupulUu. 


IM 


Ijijounbourg 


TC 


I'ugu 


DC 


Cs0inan> 


MC 


Muitaco 
• Madhgakcar 


UA 


Ukraine 


DK 


Denmark 


MC 


US 


United Siat«& uT America 




Spain 


Ml. 


Mali 


VN 


Viet Nam 


Fl 


Ftniaiul 


MN 


Monsolia 







wo 93/23040 



I 



PCr/US93/04746 



TITLE OF THE TNVENTTON 

1 7-FraERS AND IHTOETtiERS OF 4-AZA-STEROIDS 

15 

BACKGROUND OF THE TTWFNTTOM 

The present invention is directed to new 17-position ether 
and thioether derivatives of 4-aza-androstan-3-ones and related 
compounds, and the use of such conipounds as 5a-reductase inhibitors. 

^° The art reveals that certain undesirable physiological 

manifestations, such as acne vulgaris, seborrhea, female hirsutism, male 
pattern baldness and benign prostatic hypertrophy, are the result of 
hyperandrogenic stimulation caused by an excessive accumulation of 
testosterone or similar androgenic hormones in the metabolic system. 

25 Early attempts to provide a chemotherapeutic agent to counter the 
tmdesirable results of hypeiandrogenicity resulted in the discovery of 
several steroidal antiandrogens having undesirable hormonal activities 
of their own. The estrogens, for exan:q)le, not only counteract the effect 
of the androgens but have a feminizing effect as well. Non-steroidal 

50 antiandrogens have also been developed, for example, 4'-nitro-3'- 

trifluoromethyl-isobutyranihde. See Neri, et al., Endo., Vol. 91, No. 2 
(1972). However, these products, though devoid of hormonal effects, 
are peripherally active, competing with the natural androgens for 
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leceptor sites, and hence have a tendency to femini^ a male host or the 
male 'fetus of a female host 

It is now known m &e art &at the princqial mediator of 
androgenic activity in some target organs is Sa-dihydrotestosterone, 
and that it is formed locally in &e target or^n by the acticm of 
testosterone-5a— reductase. It is also known that inhibitors of 
testosterone-5a-reductase will serve to prevent or less^ symptoms of 
hyperandrogenic stimulation.. 

A nuinber of 4-aza steroid compounds are known in the art 
as 5a-reduc&ise iuhlbitors. For example. See U.S: Patent Nos. 
2,227.876, 3,239,417. 3.264.301 and 3.285,918; French Patent No. 
1,465,544; Doorenbos and Solomons, J. PhamL ScL 62, 4, pp. 638-640 

(1973) ; Doorenbos and Brown, J. PhamL ScL, 60, 8, pp. 1234-1235 
(1971); and Doorenbos and Khn. J. Pharm. ScL 63, 4, pp. 620-622 

(1974) . 

In addition, U.S. Patent Nos. 4,377,584, 4,220,775, 
4,859,681, 4,760,071 and &e articles J, Med. C3»em. 27, p. 1690-1701 
(1984) and J, Med. C3ienL 22, 2998-2315 (1986) of Rasmusson, et aL, 
U.S. Patent 4,845,1Q4 to Carina, et aL, and U.S. Patent 4,732,897 to 
CainelK, et al. describe 4-aza-17B-sufostituted-5a-androstan-3-ones 
which are said to be useful in the treatment of DHT-related hyper- 
androgenic conditions. 

However, despite the suggestion in the prior art tiiat 
h5^erandrogemc diseases are the result of a single 5a-reductase, there 
are reports regarding the presence of otiier 5a-reductase isozymes in 
both rats and humans. For example, in human prostate, Brucfaovsky, et 
al. (See J. C3ih. EndocrinoL Metab. SL 806-816, 1988) and Hudson 
(see J. Steroid Biochem. 26, p 349^353, 1987) found different 5a- 
reductase activities in the stromal and epithelial fractions. Additionally, 
Moore and Wilson described two distinct human reductases with peaks 
of activities at either pH 53 or pH 7-9. (See J. BioL Chem. 251. 19, p. 
5895-5900. 1976.) ... 

Recently, Andersson and Russell isolated a cDNA which 
encodes a rat fiver 5a-reductase (see J. BioL (Zhem. 264 pp. 16249-55 
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(1989). They found a single mRNA which encodes both the Kver and 
prostatic reductases of rats. Hie sequence of this rat gene was later used 
to select a human prostatic cDNA encoding a 5a-reductase tenned 
"5a-reductase 1". (See Proc. Natl. Acad. Sci. SL p. 3640-3644, 
1990.) 

More recently, a second, hmnan prostatic reductase (5a- 
reductase 2) has been cloned with properties identified with the more 
abundant form found in crude human prostatic extracts. (See Nature 
mp. 159-161, 1991.) 

Further, "Syndromes of Androgen Resistance" - The 
Biology of Reproduction, Vol. 46, p. 168-173 (1992) by Jean O. Wilson 
indicates that the 5a-reductase 1 enzyme may be associated with hair 
follicles. 

Thus, the art supports the eastence of at least two genes for 
5a-reductase and two distinct isozymes of 5a-reductase in humans. 
Both fomis are present in prostatic tissue in which, 5a-reductase 2, is 
fee more abundant, and the other isozyme, 5a-reductase 1, is believed 
to be more abundant in scalp tissue. 

In the treatment of hyperandrogenic disease conditions, e.g. 
benign prostatic hyperplasia (BPH). it would be desirable to have one 
drug entity which is active against both enzymes 1 and 2 in the prostate 
to substantially inhibit dihydrotestosterone (DHT) production. 
Alternatively, it would be deskable to have a dmg entity which is 
highly selective for inhibiting the scalp associated enzyme 5a-reductase 

1, for use in treating diseases of the skin and scalp, e.g. acne and 
alopecia. The dmg could also be used in combination with PROSCAR® 
(finasteride) which, is highly selective for the prostatic enzyme 5a- 
reductase 2 for combination therapy in the trcatmait of BPH. 

SUMMARY OF THE TNVKNTrnN 

The present invention discloses novel 1 7-position ether and 
thioether derivatives of 4-aza-androstan-3-ones and related compounds 
which are useful for inhibiting the steroid 5a-reductase enzymes 1 and 

2. The compounds are particularly effective in selectively inhibiting the 
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5a— leductase 1 associated wilh-fte sca^, and dually isfaibhing both 
isozymes 1 and 2 ini the oxaU paientoal or topical tieatmeait of benign 
prostatic hypsiplasia, acne, female faixsiitism, male pattem baldness, 
androgenic alopecia, prostatitis, and fiie prevention and treatment of 
prostatic carcinoma. 
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DETAILED DESCRIPTTON OF THE INVE>mON 

Tins invention is concCToed widi compoimds of f oromla I, 
and combinations thereof for the selective inhibition of 5a-Teductase 1 
and the combined inhibition of Sa-reductase 1 and 2. Compoimds of 
fommla I are defined as follows: 



15 



20 



25 



30 




wherein g and b are both sii^Ie bonds and R2 is hydrogen, or 
a is a double bond, b is a single bond and R2 is hydrogoi, or 
a is a single bond, b is a double bond and R2 is absent 



Zis 

nis 
Xis 



Rlis 



R3 



is 



R4i 



IS 



-XR4. or -(CEIRl)n-XR4; 

an integer selected from I-IO; 
-O- or -S(0)p-, 
herein p is zero, 1 or 2; 

-H, aryl, or -Ci-3alkyl unsubstitnted or substituted with 
aryl and when n is greater fhm 1, Rl can be die same or 
different at each ocurrence; 
-H, methyl, ethyl, -OH, -NH2 or -SCH3; 

i) -Cl-20 alljyl, unsubstituted 

or substimted with one or more of: 
a) -OH, 
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b) halo. 

c) -Ci-g alkoxy, 

d) -Cl-lO alkenyl, 

e) -CX)NR5r5, wherein R5 is indepoidently 

i) -H. 

ii) -Ci-8 alkyl unsubstituted or 
substituted with one or more of R7, 
aiyl or heterocycle, the aryl being 
unsubstituted or substituted with one 
or more of R7 or R9, 

iii) aiyl unsubstituted or substituted wifli 
one or more of R7 or R9, or 

iv) heterocycle, unsubstituted or 
substituted with one or more 
ofR7 orR9, 

f) -COOR6, wherein R6 is 

i) -H, 

ii) -Cl-8 alkyl unsubstituted or 
substituted with one or more of 
R7 or aiyl, flie aryl being 
unsubstituted or substituted with one 
or more of R7 or R9, or 

iii) aryl, unsubstituted or 
substituted with one or more of 
R7 or R9, 

g) -S(0)p-R5, wherein p is defined above, 

h) -N(R5)2, 

i) aryl, unsubstituted or substituted wifli one or 
more of aryl, R7 or R9, 

j) heterocycle, unsubstimted or substituted with 

one or more of R7 or R9, 
k) -C3-IO cycloalkyl, such as cyclohexyl, 

norbomyl, or adamantyl, unsubstituted or 
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substituted with one or more of R7 or R9, 

- or 

I) -CONRS-CO-NHRS, wherein R8 is -a 
-Ci-8 alkyl, benTyl or cyclohe^grl, 

5 

2) aryl, unsubstituted or substituted with one or 
moie of aiyl, R7 or R9^ or 

3) heterocycle or -C3.10 cycloalkyl, either 
of which is unsubstituted or substituted 

^0 with one or more of R7 or R9; 

R7is 1) -OH, 

2) -C1.3 alkoxy, 

3) -CN, 

15 4) -COOR6 

5) -Cl.8alkyl-COOR6 

6) -NO2, or 

7) -halo; and 

8) amino, mono-Cl-C4 alkylamino, di-Cl-C4- . 
20 allg^iamino; 

R^is 1) -Ci -8 alkyl, unsubstituted or substituted with 

one or more of aryl or R7, 
2) -CO-A, -C1.8 alkyl-CO-A, -NHCO-A, or 
25 -S(0)p-A, wherein p is defined above 

and A is 

a) -H, 

b) -Cl -8 alkyl, unsubstituted or 
substituted with one or more of 

30 i)-R7,or 

ii) aryl, unsubstituted or 

substituted with one or more of 
R7, or 

c) aiyl, unsubstituted or 
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15 



20 



25 



30 



substituted with one or more of R7, 

3) -NHCO-heterocycle, 

4) -N(R10)2 or -CON(RlO)2 wherein RlO is 
independently heterocycle, or -A, 

5) -heCO-(CH2)q-CO.Q, wherein q is 1-4, 
and Q is -N(R10)2 or -ORlO; 

with the proviso that when Z is -0R4, r3 is -H. a is a single bond and ii 

is a single or double bond, R4 is not isopentyl; 

or a phannaceutically acceptable salt or ester thereof. 

A first preferred anbodiment of this invention is 
represented by compounds of formula II 




wherein R4 is -Cl.20 alkyl, unsubstituted or substituted with one or 
more of 

-OH, halo, -Cl-8alkoxy, -Cl-6alkenyl, -S(0)p-R5, 
-N(R5)2, aryl unsubstituted or substitiited with one or more 
of aryl, R7 or R9, heterocycle unsubstimted or substitoted 
with one or more of R7 or R9, or -C3-10 cycloalkyl 
unsubstituted or substituted with one or more of R7 or R9 
and X, p, R5, r7 and R9 are all defined as in formula I. 

A second prefeired raibodiment of this invention is 
represented by compounds of formula n wherein R4 is -Ci-20 alkyl 
substituted with -CX)NR5r5, .COOR6 or -C02>JR8C0NHR8, 
and X, R5, r6 and R8 are defined as in fomiula I. 
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A lliird preferred embodiment of this inventioii is 
represented by compomids of fornxula n wherein R4 is 

aryl unsubstitiited or substituted with 
one or more of aryl, R7 or R9; 

heterocycle unsubstituted or substituted with one or more 
ofR7orR9;or 

-C3-10 cycloalkyl unsubstituted or substituted with one or 
more of R7 or R9; 

and X, R7 and R9 are defined as in formula L 

A fourth preferred embodimrat of this invention is 
represented by coixxpounds of formula m 




(CHR^)p^XR^ 



wherein R4 is -Cl J20 alkyl, unsubstituted or substituted with one or 
more of 

-OH, halo, -Cl-galkoxy, -Cl.6alkenyl, -S(0)p-R5, 
-NCR5)2, aryl unsubstituted or substituted with one or more 
of aiyl, R7 or R9, heterocycle unsubstituted or substituted 
with one or more of R7 or R9, or -C3-10 cycloialkyl 
unsubstituted or substituted wiifli one or more of R7 or R9, 
and X, Rl, n, p, R5, R7 and R9 are defined as in formula L 

A fifth preferred embodiment of tiiis invention is 
represented by compounds of formula HI wherein R4 is alkyl 
substituted with -CONR5r5 -COOR6 or -CONRScONHRS, 
and X, Rl , n, R5, r6 and R8 are deftied as in formula !• 
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A sixth prefsrred embodiment of this invention is 
represented by compomids of fonnnla in wherein R4 is 

aryl unsubstituted or substituted with one or more of arvl 

R7orR9; 

heterocycle unsubstituted or substituted with one or more 
of R7 orR9; or 

-C3-IO cycloalkyl unsubstimted or substituted with one or 
more of R7 or R9; 

and X, Rl, n, R7 and R9 arc defined as in formula I. 

Unless stated otherwise, the 17-position substituent is 
assumed to be in the beta configuration. 

Novel compounds of the present invention include but are 
not iicnited to the following compoimds: 



15 



20 




OCH, 



20-(methoxymethyI>4-methyl-5a-4-azapregnan-3-one. 



25 



30 




17-(caibobenzyloxymethoxymethyl)-4-methyI-5a-4-azaandrostan-3- 
one. 
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10 



15 




COCH3 



N £ 

H H 

5a--4-azaandrostan-3-on-17B-yioxy-N-(4-acetylphenyI)ac5etamide, 




20 



25 



30 



17a-fiiiopheiioxy-4-metiiyl-5a-4-azaandrostaii-3-one, 

17-(meflioxymetfayl)-4-inetfayl-5ix-4-a2aaiidrostan-3-one, 

I7-(etbylthiomeliiyl)-4-methyl-5a-4-azaaiidrostan-3-one, 

I7-(carboxymefeoxymethyI)-4-methyl-5a-4-a2aandrostan-3-one, 

17-(carboe1iioxyme£hoxymetiiyl)-4~methyl-5a-4-azaandrostan-3-oii^ 

17-(carbobeir5yloxymeihoxymefiiyl>4-mefliyl-5a-4-azaandrostan-3- 
one, 

17-(diphenyIniefho:qraetfayl)-4--methyl-5a--4-a2aandrostan-3^^ 

20-((iipbenyImethoxy>4-melhyl-5a-4-a2^regnain-3-one, 

20-methoxy-4-methyl-5a--4-azapregna^ 

20-(metiioxymethyl)-4-nie&yl-5ia'^azapregiiai^-3rone, 
20-(diphenylmetiioxyinethyI)-4-mefliyl-5a-4-a2apregnan-3-one, 
20-(efliylthiomeftyl)-4-nietiiyl-5a-4-azapregnaii-3-one, 
20-(isopropylttiiomefhyl)-4-iiietiiyl-5a-4-az£^regiian-3-one, 
ethyl 4-mefliyI-5a-4-azaandrostaii-3-on-176-yloxyacetate, 
diphenylmefhyl 4-methyI-5a-4-azaaiidrostan.-3-on-176- 



yloxyacetate, 

4-metiiyl-5a-4-azaandrostan-3-on-l 7B-yloxy-N-(3 ,4-dichlorD- 

benzyl)acetaznide, 
4-inefhyl-5 a-4-azaandrostan-3-oii-l 7B-yloxy-N-phenylacetamide, 
4-methyl-5a-4-azaandrostaii-3-OD- 1 7B-yloxyacetic acid, 
4-metfayI-5a---4-a2aandrostan-3-on-176-yloxy-N-(4-acetyl- 

phenyl)acetaimde, 
4-mefeyl-5a--4-a2aandrostan-3-on-176-yloxyacetamide, 
7£U(4-biphenyloxy)-4-inethyl-5a--4-azaandrostan-3-oiie, 
7B-(2,4-dimtrophenoxy)-4-me*hyl-5a-4-azaandrostan-3^^ 
4-metfayl-17a-phenoxy-5a-4-a2aandrostan-3-one, 
17a-(4-biphenyloxy>4-methyl-5a--4-azaandrostan-3-one, 
17B-diphenyImethoxy-4-metfayl-5a--4-azaandrostan-3-one, 
4-mediyl- 1 7a-thiophenoxy-5a-4-a2aandrostan-3-one, 
4-inethyl-17a--phenylsxilfonyl-5a-4-a2:aandrostan-3-one, 
4-metfayl-I7a-phenylsulfmyl-5a-4-azaandrostan-3-one (isomer a), 
4-metfayl-17a«phenylsulfinyl-5a--4-azaandrostaii-3-one (isomer b), 
4-melhyl- 1 7B-(4-mtrophenoxy )-5a--4-azaandrostaii-3-ane, 
1 7B-(4-aminophenoxy)-4-methyl-5a-4-azaandrostan-3-one 

hydrochloride, 

17B-(4-acetamidophenoxy)-4-mefliyl-5a-4-azaandrostaii-3-one, 
176-(4-cyaiiophenoxy>4-methyl-5a-4-azaandrostan-3-one, 
17B-(4-carboxamidophenoxy)-4-methyI-5a-4-a2aaiidrostan-3-one, 
17B-methyleneoxy-[N-cyclohexyl-N-(N-cyclohexyl-carbamoyl>- 

carbamoyl]-4-methyl-5a-4-a2aandrostan-3-one, 
4-metfayl- 1 7B-(3-pyridyI)oxy-5a-4-azaandrostan-3-one, 
4-methyl-17B-(2-pyridyI)inetiioxy-5a--4-azaandrostan-3-one, 
1 7B-beiizyIoxy-4-methyl-5a-4-azaandrostan-3-one, 
ethyl 5a-4-azaandrostaii-3-on-17B-yloxyacetate, 
5a-4-azaandrostaii-3-on-17B-yloxyacetic acid, 
5a-4-a2aandrostan-3-oii- 1 76-yloxy-N-phenylacetamide, 
5a--4-azaandrostan-3-on- 1 76-yloxy-N-(4-acetylphenyI)acetamide, 
diphenylmethyl 5a-4-a2aandrostaii-3-oii- 1 7B-yloxy acetate, 
17B-mefhyleneoxy-ITSI.cyclohexyl-N-(N-cyclohexyl-carbamoyI> 
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carfaamoyr!-5a-4-azaandrostan-3-one, 

5a-4-azaandrostan-3K>n-17B-ylo3gr.N-[4-(l(RS)-hydro 
phmyl] acetamide, 

5a-4-a2aandrostan-3-Gn-17B-yIoxy--N-(4-t-butylphmyI)^^^ 
5 17B-mefliyleiieoxy-[N-isopropyl-N-CN-isopropylcaibamoyl)- 
caibamoyr|-5a-4-azaandFostan-3-one, 
17-(4-metfaylpentyIoxy)-4Haietfayl-5a--4-^^ 
17-hexyloxy-4-methyl-5a-^-a2aandrostaiir3-oiie, 
4-ineliiyH 7-propyloxy-5a-4-a2aandrpstan-3-one, 
10 4-metiiyW7-iindecyloxy-5a-4-azaandrostan-3-one, 
17-a^yloxy-4-mefeyl-5a-4-azaandrostan-3-one, 
17-allyloxy-4-mefliyl-4-azaandrost-5-eii-3-Qne, and 
17-hexyloxy-4-inethyl-4-azaandrost-5-en-3-one. 

15 Novd compoimds of feis invention fiir^ 

not limited to: 

17<4-(isobutyl)ben2yloxy)methyl-4-methyl-5a--4-azam 

17-(4-acetanMdobenzyloxy)methyl-4-metfayl-5a--4-azaandrosto 

20 4-niefhyl-17-(3-nitrobenzyloxy)metiiyl-5a-4-azaandrostan-3-one, 

4-mefliyH 7-(phenoxyeliioxymetbyl)-5a-4-azaandrostan-3-one, 

17-(3-(isopropyltMo)propyioxy)methyl-4-nietfayl-5a-4-azaand^^ 
one, ' 

17K2-flnorobenzyloxy)nie&yl-4-methyl-5a--4-azam 
25 4-nielhyl-17-(3-(trifluoronieaiyl)ben^loxy)me&yl-5a-^ 
3-one, 

17-(4-dinietfaylam2nobenzyloxy)methyl-4-methyl-^^ 
one, 

17-((N-t-butyl-carboxaniido)nietlioxyniethyl)-4-me&^ 
30 azaHndrostan-3-one, 

20-(3-(eliiylthio)propyl)-4-methyI-5a-^ 
20-(2-(beiizyloxy)ethyl)-4-nietiiyi-5a-^a2apre 
20-(3-meflioxyben2yloxy)mediyl-4-nietfayl-5a--4^ 
I7a-(carboethoxymethoxy)ben2yl-4-metiiyl-5a-4-az^ 
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20<4-(metfayItiuo)benzyloxy)metbyl-4-methyl-5a-4-azapTegnan-3-one, 

4-inethyl-17-ii-octyllhiomethyl-5a-4-azaandrostan-3-one, 

20.(t-butyltfaiomethyI)-4-inetiiyl-5a-4-azaprcgnan-3-oiie* 

17-(2-fiiifuTyI)tMomethyl-4-methyl-5a-4-azaandrostaii-3-cme, 

1 7-(geranyloxyinethyl)-4-metfayI-5a-4-azaaiidrostan-3-oiie, 

4-methyl-20-(2-(n-honyltfaio)ethyl)-5a-4-azapregnan-3-one, 

20-(metbylthiomethyl)-4-methyI-5a-4-azapregiian-3-one, 

17-(4-(benzyloxy)bsnzyloxy)methyl-4-methyl-5a-4-a2aaiidrostan-3- 
one, 

20-(diphenylmethyl1iuo)metiiyI^meliiyl-5a--4-azapregnan-3-one, 
1 7-(3-(etfayltbio)propyl)-4-mefeyl-5a-4-azaandrostan-3-one, 
4-methyI-20-(phenylthiomelhyI).5a-4-a2aprcgnan-3-one. 
17-(ethylsulfonylmethyl)-4-metbyl-5a-^-azaandrostan-3-one, or 
17-(4-ethoxybenzyloxy)melhyI-4-methyl-5a-4-azaandrostan-'3-oiie. 

Also included within the scope of this invention are 
phannaceutically acceptable salts or esters, where a basic or acidic 
group is present in a compound of formula I, such as on the substituted 
alkyl, cycloalkyl, aiyl or heterocycKc moiety. When an acidic 
substituent is present. i.e. -COOH. fliere can be fomied the ammonium 
sodium, potassium, calcium salt, and the like, for use as the dosage 
form. 

Where a basic group is present. i.e. amino, acidic salts, i.e. 
hydrochlonde, hydrobromide. acetate, pamoate, and the like, can be 
used as die dosage form. 

Also, in the case of the -COOH group being present, 
phamiaceuticaUy acceptable esters can be employed, e.g. acetate 
maleate. pivaloyloxymefliyl. and the like, and those esiera know^ in the 
art for modifying solubility or hydrolysis characteristics for use as 
sustained release or prodrag formulations. 

The compounds of die present invention, may have 
asymmetric centers and occur as racemates, racemic mixtures and as 
mdividual diastereomers, with all isomeric forms being included in the 
present invratibn. 
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Whm any variable (e.g,, aryl, heterocycle, Rl, R2, n, X, 
etc.) occurs .more &an one time in any constituent or in fommla I» IZ or 
m, its definition on each occurrence is independ^t of its definition at 
every other occurrence. Also, combinations of substituents and/or 
5 variables are permissible only if such combinations result in stable 
compounds. 

As used herein "alkyl" is intended to include both 
branched- and straight-chain saturated aliphatic hydrocarbon groups 
having title specified number of carbon atoms (Me is methyl, Et is ethyl, 

10 Pr is propyl,, Bu is butyl); "alkoxy" represents an alkyl group of 

indicated number of carbon atoms attached through an oxygen bridge. 
"CycloalkyI" is intended to include saturated mono-, bi- and tricyclic 
ring groups, such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl 
(G^yh), cycloheptyl, norbomanyl and adamantyl. "Alkenyl" is intended 

15 to include hydrocarbon groups of either a straight or branched 

configuration with one or more carbon-carbon double bonds which may 
occur in any stable point along the chain, such as ethenyl, propenyl, 
. butenyl, pentenyl, and the l&e. 'Halo", as used hersia, means fluoro, 
chLoro, bronio and iodo. 

^® As used herein, wifli exceptions as noted, "aiyl" is in^ded 

to mean phenyl (Ph) or naphthyL 

The term heterocycle or heterocyclic, as used herein except 
where noted, represents a stable 5- to 7-membered monocyclic 
heterocgrclic ring which is e^her saturated or unsaturated, and which 

25 consists of carbon. atoms and from one to three heteroatoms selected 
from the group consisting of N, O and S, and wherein the nitrogen and 
sulfur heteroatcmis may optionally be oxidized, and the nitrogen 
heteroatom may optionally be quatemized, and including any bicyclic 
group in which any of the above-defined heterocyclic rings is fused to a 

3 0 benzene ring. The heterocyclic ring may be attached at any heteroatom 
or carbon atom which results in the creation of a stable structure. 
Exan:q)les of such heterocyclic elements include pq)eridinyl, piperazinyl, 
2-oxppiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolodinyl, 2-oxoazepinyl, 
azepinyl, pyrrolyl, 4-piperidonyl, pyirolidinyl, pyrazolyl. 
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pyrazolidinyl, imidazolyl, imidazolioyl, imidazolidinyl, pyridyl, 
pyrazinyl, pyrimidinyl, pyridazinyl, oxazolyl, oxazolidinyl, isoxazolyl, 
isoxazolidinyl, moipholinyl, tfaiazolyl, thiazolidinyl, isotbiazolyl, 
quinuclidinyl, isothiazolidinyl, indolyl, quinolinyl, isoquinolinyl, 
benzimidazolyl, tihiadiazoyl, benzopyranyl, benzothiazolyl, 
benzoxazolyl, furyl, tetrahydrofuryl, tetrahydropyranyl, ftienyl, 
benzothienyl, AiamoiphoIiDyl, thiamorpholinyl sulfoxide, 
thiamoipholinyl sulfone, and oxadiazolyl. Morpholino is the same as 
moipholinyl. Preferred heterocycles are pq)eridinyl, 2- 
oxopyrrolodinyl, pytrolyl, pyrazolyl. imidazolyl, pyridyl, pyrazinyl, 
pyrimidinyl, pyridazinyl, oxazolyl, isoxazolyl, moipholinyl, thiazolyl, 
isotfaiazolyl, quinuelidinyl, indolyl, quinolinyl, isoquinolinyl, 
benzimidazolyl, thiadiazoyl, benzothiazolyl, benzoxazolyl. fiiryl, 
tetrahydrofuryl, tliienyl, and benzothienyl. 

As used herein, "heteroaryl" represents a stable 5- to 7- 
membered monocyclic unsaturated heterocyclic ring, which consists of 
carbon atoms and from one to three heteroatoms selected from the 
group consisting of N, O.and S, and i\^erein the nitrogen and sulfur 
heteroatoms may optionally be oxidized, and the nitrogen heteroatom 
may optionally be quatenuzed. 

Further abbreviations diat may appear herein are defined as 

follows:. 



DCC 

Die 

DEAD 

DMAP 

DMF 

DMSO 

EtOAc 

Ph3P 



N,N'-dicyclohexylcarbodiimide 

1,3-diisopropylcarbodiimide - 

diethyl azodicarboxylate 

4-dimediyiaminopyridine 

N, N-dimethylfomiamide 

dimethyl sulfoxide 

ethyl acetate 

triphenylphosphine 

melting point 

tetrahydrofuran 

molecular weight 



m.p (or mp) 



THF 



m.w. (or mw) 
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The compounds of preseEit inventioii aie made by 
methods known to those skilled in the art, and are described as follows 
and in schemes 1-4. 
5 The compounds of this invention are generally made from 

a steroid alcohol starting material, represented by formula (i) 



Y 



10 




15 wherein a and b are both single bonds and R2 is hydrogen, or a is a 
double bond, h is a single bond and R2 is hydrogen, or & is a single 
bond, b is a double bond and R2 is absent; R3 is -H, methyl or ethyl; Y 
is -OH or -(CHRl)ii-OH; Rl is -H, aryl, or C1.3 alkyl unsubstituted or 
substituted with aiyl; and n is 1-10. Methods of making starting 

20 alcohols of formula Q) are weU know to fliose skiQed in the art, and are 
described, for example, in the following publications: Rasmusson, 
; G.H., et al., J. Med. Chem.. 29, 2298-2315 (1986); Rasmusson, G.H., et 
al., J. Med, Chem, . 21 1690-1701 (1984). 

Furthermore, the starting 4-azasteroid-20-alcohols of 

25 formula (i) may be made by several methods well known to tiiose 

.skilled in the art. For example, 4-azasteroids containing a 17-carbonyl 
groixp (e.g. carboxaldehyde) may be reacted with the appropriate 
organo-metallic reagent to yield the corresponding secondary alcohol, 
while reduction yields the primary alcohoL Also, an appropriate 17- 

30 ketone may be reduced (e^g. wifli sodium borohydride) to the desired 
alcohoL The above niCTtioned ketones may be made by several methods 
well known in the art; one particularly useful method is that of A. 
Bhattacharya et aL, Synthetic Communications 20 (17), 2683-2690 
(1990), in which an activated carbpnyl compound is reacted witii a 
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suitable Grignard reagent to give the desired ketone. Other activated 
carbonyl compounds (e.g. pyridine tfaioesters) may also be used. 
These alcohol functions may be constructed both before and after the 
fotmatiQn of the 4-aza moiety. 

5 For purposes of illustration, schemes 1 -4 below employ 

specific steroid alcohol starting materials such as 17-hydroxymethyI-4- 
methyl-5a-4-azaandrostan-3-one (compound (ii) below) or 17- 
hydroxy-4-metiiyl-5a-4-azaandrostan-3-one (compound (v) below) as 
the starting alcohol. However, the present invention and the synthetic 

10 methods described herein are not limited by the use of any particular 
compounds in any of the schemes or synfeetic descriptions presented 
below, except where otherwise noted, but rather the schemes and 
synthetic descriptions are presented for illustrative puiposes to those 
skilled in the art. A person skilled in the art would be able to choose 

15 the appropriate alcohol starting material to use in the following general 
synthetic route descriptions to arrive at a target product within the 
scope of generic fomiula 1. 

As depicted in Scheme 1 below, thioethers (iv) can 
generally be made by fomiing the mesylate (iii) of alcohol (ii) by 

20 common methods known in Ae art, e.g. using methanesulfonyl chloride 
in CH2CI2 with pyridine, and then treating the mesylate with M+S--R4, 
wherein M+ is a metal ion, e.g. Na+ or K+, and R4 is as defined in 
formula I. The M+S--R4 reagents are either commercially available, 
such as sodium thioethoxide or potassium thiophenoxide, or can be 

*-5 generated by methods well known in the art, e.g., as described in J.Org . 
£bsSL 40, p 1 181 (1975) or J. Chem. Snc . p 3127 (1928). 



30 
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SCHEME 1 




20 

As depicted in Scheme 2, below, the starting alcohol (v) can 
be treated with a diazo-reagent (y i) using techniques well known in the 
art, e.g. using boron trifluoride etiierate or Rh2(OAc)4, to obtain ethers 
of fonnula (vii). Diazo-reagents, such as diazomethane, diphenyl- 

25 diazomethane, b&azyl diazoacetate, ete*, aie generated by methods well 
know in the art» such as by the methods described in the following 
publications: British Patent 1^33,381; British Patent 1,459^85; I. 
Chem, Soc Peridns I, p. 2030 (1975)r OTyanir. Rynthp^rfg Collective 
Vol. m, p. 351 (1955); J. Org. Chem „ 24, p. 560 (1959). 

30 When Ra is -H and Rb is -COOC2H5 in compound (vii), 

hydrolysis of the ester with base followed by treatment with acid 
produces compound (viii). The acid (viii) can be coupled with an 
amine, e.g. an arylamine%5uch as aniline, 4-t-butyl aniline, or p-amino- 
acetophenone, by conmnon amide coupling procedures well known in 
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fee art, e.g., using ibe carbodiiznide method with reagents such as DCC 
or Die in the presence of DMAP, to form an amide exemplified by (x). 
When DCC is used, the sidepioduct (xi) can be fomiied as well; when 
Die is used, a sideproduct similar to (xi) can be formed except instead 
of a cyclohexyl urea moiety, it contains an isopropyl urea moiety. 
Treatment of (viii) with a diazo reagent, such as diphenyl diazomethane, 
and Rh2(Ac)4 under conditions well known in fee art leads to fonnation 
of con:q)ounds exemplified by (ix). 

The 5a-4-azandrostan-3-on-I7-yloxyacetic acid and ethyl 
5a-4-azaandrostan-3-on-17B-yloxy-acetate analogs can be prepared 
according to general scheme 2 but are more preferably prepared 
according to the routes described in Examples 17 and 21 herein. 



SCHEME 2 



15 



OH 



20 



O 




(Vi) 




OCHR^R'' 



CM. 



I (vH) 

CHg 



25 



Ra = Rb = .H; 

Ra = Rb = -ph; or 

Ra s H and Rb = -COOC2H5 or 

COOCH2Ph. 



30 
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SCHEME 2. r CONTTNUED^ 




Amide compoimds of formula (x) can also be made by 



alternative methods well ^own in the art, e.g., by reacting (vii) 
wherein Ra is -H and Rb is -COOC2H5 directly with an imsubstituted or 
substitated aTyI-Ml2 con^>oimd (alkyl amine could likewise be used) 
and heating the reaction, e.g., to about 170°C - 180°C (see Example 25). 
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Another method, e.g., is to fonn a mixed anhydride of add (viii) and 
react it with the desired primary amine to obtain compomids of formula 
(x) (see Example 26). 

As depicted in Scheme 3, below, fee starting alcohol (v) can 
be treated wife a strong base, such as KH, NaH or KOH, in an 
appropriate solvent such as DMF or DMSO, followed by treatment wife 
an alkyl. or alkenyl-haKde (xii-a), such as hexyl iodide or allyl bromide 
for example,^ to fonn the corresponding alkyl- or alkenyl-ether product 
(xiii-a). Use of KOH in DMSO and KH in DMF arc preferred. 

SCHEMED 



15 



20 



(V) 



1) KOH/DMSO 

2) ALK-halide 

(xii-a) 




OALK 



(xiit-a) 



OAr 



25 



30 



1)NaH/DMF 
(V) 

2) Ar-n 

(xii-b) 



I (xiii-b) 
CH, 



Also as depicted in Scheme 3, aryl ether and heteroaiyl 
efeer products (xiii-b) can be prepared by treating fee steroid alcohol 
starting material wife a fluoroaryl or fluoroheteroaiyl compound (xii- 
b), such as p-nitrofluorobenzene, p-cyanofluorobenzene or 3- 
fluoropyridine for example, and KH, NaH or KOH in an appropriate 
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solvent such as BMF or DMSO, wifli KH/DMF md KOU/DMSO being 
pr&fCTred. 

Altemativ&Iy,. aryl ether and heteroaryl ether products of 

f omuiia (xiii-b) can be prepared by treating the steroid alcohol starting 
5 material wifli an nnsubstituted or substituted hydroxy aiyl or hydroxy 

heteroaryl coir5)ound such as phenol or 4-hydroxyb5)hOTyl for 

example, and triphenylphosphine and diethyl azodicarboxylate (DEAD). 

WiQi this method, the ether product will have st^ochemistiy at die 17- 

position tiiat is the opposite^ of the starting alcohol when Y is -OH in 
10 formula (i). For example, lising this procedure, 4-methyH7a- 

phenoxy- 5a-4-azaandrostan-3-one is die product of 170- hydroxy-4- 

methyl-5a-4-azaandrostan-3-one and phenoL 

Heteroaryl etiier products can be reduced by mediods weU 

known in the art, e.g., by hydrogenation in an appropriate solvent such 
15 as MeOH, in the presence of a catalyst such as palladium or platinum on 

carbon, to obtain compounds of formula I wherein R4 is a saturated 

heterocycle. 

As depicted in Scheme 4 below, compounds of formula 
(xvii) can be prepared by treating the amino hydrochloride derivative 

20 (xv) with the appropriate anhydride reagent using mediods well known 
to those skilled in die art "Rd" in Scheme 4 can be heterocycle, "A" as 
defined in the generic description of compounds of formula I, or 
-(CH2)q-CO-Q, wherem the variables "q" and "Q" are as defined in the 
generic desraiption of conopounds of formula L Alternatively, 

25 compounds of fomiula (xvii) 

-where Rd is -(CH2)q-CO-Q can be made by treating (xv) 

with an anhydride of formula (Cl^q and base, 

30 such as pyridine, to make intemiediate compounds of fomiula (xvii) 
where Rd is •CCH2)q -COOK, and then making amides and esters from 
die intemiediate add. Compound (xv) is prepared by reduction of the 
nitro group of compound (xiv) wherein Rc is -N02, hy common 
techniques well known in die art, e.g., hydrogenation in the presence of 
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a catalyst such as Pt02, and treatment witb an acid such as HCl. 
Confound (xiv) wherein Rc is -N02 can be prepared by methods 
decribed above for making aryl ethers. 

Also as depicted in sdieme 4, below, the cyano group of 
5 compound (xiv), wherein Rc is -CN, can be hydrolyzed by methods well 
known in the art, e.g., by treatment witii H2O2 and base such as NaOH, 
to provide compound (xvi). The primary amide of (xvi) can be 
alkylated by methods well known in the art, such as with methyl iodide, 
for example, to make tiie secondary or tertiary amide derivatives. 



30 



WO^/23040 



PCr/US93/04746 



-24- 



SCHEME4 




CH. 



By using methods wen Imoira to Ibose sMHed in. the art, the 
30 diazonium salt of cQiiq>dmid (xv) can be made by treatmCTt of (xv) with 
HNO2 or an alkyl nitrite. The resulting diazonium salt can be used as 
an intemiediate in a variety of reactions to replace the diazonium 
moiety to make other substituted aryl ether derivatives. For example, 
the (Kazonium salt moiety can be replaced with a halo, -CM, -OH or 
alkoxjr group by common metiiods well known to those skilled in the 
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art. Or the diazoniiim moeity can be replaced with hydrogen to yield 
the imsubstitated aiyl e&er derivative. 

Another preferred embodiment of tins invention is a series 
of compounds characterized in having ether moieties at the 17 position, 
and which can be syntiiesized according to Scheme 5: 

SCHEME 5 



10 



15 



20 



25 




Alternatively, the ethers of this invention may be obtained 
by first preparing the desired ether and thioether groups at the desired 
position in the appropriate non-aza steroid followed by ring opening of 
tiie A-ring and subsequent closure to the desired 4-a2asteroid. For 
exaniple, a 20-aIkoxy-substitttted prcgn-4-en-37one may be oxidized 
wife permanganate-periodate to tiae corresponding seco-add which is 
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fiien reacted with an appropriate amine to give, after redaction of the « 
first obtaizied 4-aza*5-enesteroid, the desired 20-etfaer-substitated-5a-4- 
azapregnan-3-one. 

Accordingly, the present invention is particularly 

5 concerned with providing a method of treating tiie hyperandrogenic 
conditions of androgenic alopecia, acne vulgaris, sebordiea, and female 
hirsutism, beiiign prostatic hyperplasia, prostatitis, the prevention 
and/or treatment of prostatic carcixioma, by oral, parenteral or topical 
administration, of the novel compounds of the present invratioxL 

10 The present ihysation is tiius also concerned with provicBng 

suitable topical, oral and parenteral pharmaceutical formuMions for use 
in die novel methods of treatment of the present invention. 

The compositions containing die corr^jounds of the present 
invention as the active ingredient for use in the treatment of e.g., benign 

15 prostatic hypertrophy, prostatitis, and prostatic carcinoma, and 

hyperandrogerdc conditions, can be adiiiinistered in a wide variety of 
therapeutic dosage forms in conventional vehiclies for systemic 
administration, as, for example, by oral administration in the form of 
tablets, capsules, solutions, or suspensions, of by injectiorL The daily 

20 dosage of die products may be varied over a wide range varying from 
03 to 1,000 mg per adult human/per day. The compositions are 
preferably provided in the form of scored tablets containing 0.5, 1.0, 
2.5, 5-0, 10.0, 15.0, 25.0, and 50.0 milligrams of the aJctive ingredient 
for the symptomatic adjustment of the dosage to the patient to be 

2S treated. An effective amount of the dmg is ordinanly supplied at a 
dosage level of from about 0.002 mg. to about 50 mg./kg. of body 
weight per day. Preferably the range is from about 0.01 mg. to 7 
mg./kgs. of body weight per day. Hiese dosages are well below die 
toxic dose of the product. Capsules containing the product of diis 

3 0 invention can be prepared by mixing an active compound of the present 
invention with lactose and magnesiimi stearate, calcium stearate, starch, 
talc, or other carriers, and placing the mixture in gelatin c^sule. 
Tablets may be prepared by nuxing flie active ingredient wifli 
conventional tableting ingredients such as calciuirh phosphate, lactose. 
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com starch or magnesium stearate. The liquid fbmis in suitably 
flavored suspending or dispersing agents such as the synthetic and 
natural gums, for example, tragacantfa, acacia, metfaylcellulose and the 
like. Other dispersing agents which may be employed include glycerin 
and the like. For parenteral administration, sterile suspensions and 
solutions are desired. Isotonic preparations which generally contain 
suitable preservative are employed when intravenous administration is 
desired. 

For the treatment of androg^c alopecia, acne vulgaris, 
seborrhea, female hirsutism, the compounds of the present invention are 
administered in a phaimaceutical composition comprising the active 
compound in combination with a pharmacologically acceptable carrier 
adapted for topical administration. Parenteral or oral administration 
are also ^pUcable. These topical pharmaceutical con^ositions may be 
m the fonn of a cream, ointment, gel or aerosol formulation adapted 
for aw)lication to the skm. These topical phannaceurical compositions 
containing the compounds of the present invention ordinarily include 
about 0.1% to 15%, preferably about 5%, of the active compound, in 
admixture with about 95% of vehicle. 

The following examples are illustrative of representative 
embodiments of this invention and should not be construed to be hmits 
on die scope or spirit of the instant invention. 

The Rf values cited were carried out on standard thin layer 
chromatography (TLC or tic) Si gel plates, with the elution solvent 
system used as indicated in each Exaii^)le. 

The fast atom bombardment (FAB) and electron impact 
(EI) mass spectral (MS) values are reported as molecular ion peaks and 
are indicated as either M+, MH+ or MH-H-, being the molecular weight 
(mw), the molecular weight plus one atomic mass unit, or the molecular 
weight plus two atomic mass units. 

Hie IH nuclear magnetic resonance (NMR) data was taken 
at 200 or 400 MHz and is tabulated for unique proton values of each 
compound at the end of the Examples. 
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EXAMPLE 1 

Pr^aration of 17-(d5)heiiyImefliox3anetfayl)-4-metfayI-5-a-^ 
azaajidrostap-3-ope 

5 To a solution of 17-hydroxymethyl-4-methyl-5-a— 4- 

azaandrostan-S-one (0,096 g, 0.3 mM) and diphenyldiazomethane (0*25 
g, 1^8 mM) in anhydrous methylene chloride (8 mL) at ice-bath 
t^peratmes was added boron trtfluoride etfaerate (0.05 mL) dropwise 
over three mtnntes. The mixture was allowed to stir cold for an 

10 adchtional 25 minutes and then at ambient temperatures for 2 hours. 
The mixture was transferred to a separatoiy funnel with mefliylene 
chloride, washed with water, dried, and the methylene chloride 
removed in vacuo. Flash chromatography (silica gel, ethyl acetate as 
ehiant) of the residue tims obtained yielded the title compound as a 

15 \;^iiite wajgr solid. Mass Spec (MS) M+ calculated for C33H43NO2, 
mw5=485.71; observed m/e 485. 

EXAMPLE 2 

20 Preparation of 17-(carboethoxymethoxymethyl)-4-methyl-5a-^^ 

azaandrostan-3-one ^ 

Employing substantially the same procedure as described in 
Example 1, but substituting ethyl diazdacetate for the diphenyldia^^ 
methane used therein, the title compoimd was obtained. MS M+ 
25 calculated for C^4H39N04r mw=405.58; observed m/e 405. 

EXAMPLE ^ 

Preparation of 17-(carbobenzyloxymethoxymethyI>4-methyl-5a--4- 
30 azaandrostan-3-oDe ' 

Employing substantially the same procedure as described in 
Example 1, but substituting benzyl diazoaeetate for die diphenyldia- 
zomethane used therein, the tide conQ)ound was obtained MS MH+ 
calculated for C29H41NO4, mw=467.66; observed m/c 468. 
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EXAMPLE 4. 

Preparation of a) 20-(metfaoxymethyI)-4-mefliyl-5a-4-az^jregnaii-3- 

5 one and 20-rmeth nxv>-4-methv]-5a-4-azaprecmaT>-^-nnp 

Employing substantially the same procedure as described in 
Bxanq)le 1, but substituting 20-(hydroxymetbyl)-4-methyI-5-a-4- 
azapregnan-3-one and diazometiiane in place of the corresponding 
steroid alcohol and diazo compound used in Example 1, title compound 
10 (a) was obtained as a white solid. MS M+ calculated for C23H39NO2, 
mws36137; observed m/e 361 . 

Employing substantially the same procedure as described in 
Example 1, but substituting 20-hydroxy-4-metfayI-5a-4-azapregnan-3- 
• one and diazometiiane for the steroid alcohol and diazo compound used 
15 therein, tifle compound (b) was obtained. MS M+ calculated for 
C22H37NO2, mw=347.54; observed m/e 347. 

EXAMPLR 5 

^° Preparation of 17-methoxvmethv]-4-mft t hv]-5nt-4-ayaandrosbm-^-nTif > 
Employing substantiaUy the same procedure as described in 
Example 4, but substimting 17-hydroxymetiiyl-5-a-4-azaandrostan-3- 
one for the steriod used therein, tiie tide compound was obtained. MS 
M+ calculated for C21H35NO2, mw=333^3: observed m/e 333 

25 

EXAMPLR 

Preparation of T7-fftthvlthinTnetbvn-4-mefbvT-^ a-4-a7.aanrfrostan-:^-nnft 
The mesylate of 17-hydroxymethyl-4-methyl-5-a-4- 
'0 azaandrostan-3-one (prepared from the alcohol and methanesulfonyl 
chloride in metiiylene chloride with pyridine at room temperature) 
(G-05 g, 0,125 mM) was heated with sodium thioethoxide (0.121 g, 1.44 
mM) in anhydrous 1,2-dimethoxyethane in a nitrogen atmosphere for 
73 hours. The solvoit was removed m. vacuo, the residue taken up in 
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melfaylene chloride, washed (water) and dried. Ihe residue obtained 
Txpon concentratioB of the methylene chloride was flash 
chromatographed (silica gel, ethyl acetate as eluant) to yield the title 
compound as a white waxy sofid. MS MH+ calculated for C22H37NOS, 
5 mw=363.60; observed m/e 354. 

EXAMPLE? 

Preparation of 17-carbo3gmieflioxymediyl-4-metiiyl-5-a-4- 

10 a?:aandrostan'3-one 

The title compound was obtained by hydrolysis of 17- 
(carboethoxymeflioxymethyl)-4-methyI-5— a--4-azaandrostan-3-one 
using an aqaeous-methanolic solution of NaOH. The title compound 
was also obtained by re&icfibn of 17-(carbobenzyloxy-methoxyniethyl)- 
15 4-methyl-5— a-^azaandrostan-3-one with hydrogen using palladium on 
carbon catalyst MS MH+ calculated for C22H35NO4, mw=377; 
observed m/e 378. 

. EXAMPLE R - 

20 Preparation of 

a) 20-(diphenylmethoxy)-4-methyl-5a-4- 
azapregnan-3-one, and 

b) 20-(diphenylmethoxymethyI>4-mefliyl-5a-4- 
azapregman-3-one 

25 The following conq>ounds of fommla 2 were made 

according to substantially die same procedure as described in Example 
1, but substituting the 4-azapregnan-3-one starting material indicated 
below, for die 17-hydroxymediyl-4-methyl-5a-4-azaandrostan-3-one 
used therein: 

30 

a) 20-hydroxy-4-methyI-5a-4-azapregnan-3-one; 
MS M+ calculated for C34H45NO2, mw=499.72; 
observed m/e 499; and 

b) 20-hydroxymethyI-4-methyl-5a-4-azapregnan- 
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3-one; MS M+ calculated for C35H47NO2. 
mws513.76; observed m/e 513. 

EXAMPLE 9 

Preparation of 

a) 20-(etfaylthiomethyl>-4-inethyl-5a-4-a2apregiian-3-one, 

b) 20-(isopropylthiomethyI)-4-methyl-5a-4-niethyl-5a-^- 
azapregnan-3-one, and 

c:^ 1 7g-thinphftnnTv-4-meriT vl-5ot-4-ayaandrostan-3-nTip. 

Employing substantially the same procedure as described in 
Example 6, but substituting the 4-azaandrostan-3-one and Ihioethoxide 
starting materials used therein wifli tihe starting materials indicated 
below, the title compounds were obtained, except that to prepare title 
compound (c). DMF was used instead of CH2CI2, and the reaction was 
heated for 3 hours to 170-173°C: 

a) 20-hydroxymetfayl-4-methyl-5a-4-a2aprcgnan-3-one 
and Na+SC2H5-; MS MH-H- calculated for C24H41NOS, 
mw=391.66; observed m/e 393; 

b) 20-hydroxymethyl-4-methyl-5cx-4-a2apregnan-3- 
one and Na+SCH(CH3)2-; MS MH+ calculated for 
C25H43NOS. mw=405.68; observed m/e 406; and 

c) 17B-hydroxy-4-methyI-5a-4-a2aandiostan-3-one and 
K+SC6H5-. M.p. 187-189'»C. 

EXAMPLE 10 

Preparation of 17B-(4-nitrophenoxy)-4-methyI-5a-4-azaandrostan-3- 
one 

To a stirred solution of 17B-hydroxy-4-mefliyl-5a-4- 
azaandrostan-3-one (1.07 g, 3.5 mmole) and p-nitrofluorobenzene (2.0 
ml, 18 mmole) in DMF (15 ml) under N2 was added 95% NaH (180 
mg, 7 mmole) in two portions during 10 mins. Hie mixture was stirred 
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for 3 hours at room tenq)sratiii& and poured onto ice (50 g) and water 
(50 ml). The nrixtuie was extracted with CH2CI2 (30 ml X 2). The 
organic layer was washed with brine and dried (Na2S04). Removal of 
solvent gave the crude product which was purified via a flash silica gel 
5 column ehiting with 1:1 e&yl acetate - CH2a2 to give tiie desired title 
product Mp. 183-184*'C Cfecrystaliized from CH2Cl2-hexane). 

EXAMPLE 11 

10 Qnploying substantially the same procedure as described in 

Example 10 using 176-hydroxy-4-methyl-5a-4-azaandrostan-3-one, 
compound 7 below, but substituting compound 8 for th& p- 
nitrofluoiobenzene used herein, and running the reaction at the 
teii]pnatui& infficated, products of formula 9 w»e made, as defined in 

15 11a -lie: 



20 
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Ar temp. ("C) 



11a)— <( ))-CN m.p^224-225°C 




NO2 

1 ib) NO2 '"^ (^'> ^'^'^ 



NO2 




11c) a )) — (( J) 70-75 mass spec. (El) 457 



11d) 
15 



70-75 m.p. 172-174"'C 



1 1 e) CHg^CHg 70.75 mass spec, (FAB) 408 



The following products of formula 9, as defined in llf - 
llh, were made using substantially the same procedure as described 
above, except that in place of NaH/DMF, for 1 If KOH/DMF was used, 
and for llg - llh KOH/DMSO was used and the reactions were stirred 
for about 20 hours at 70-80*C instead of for 3 houre at room 
25 temperature: 



30 
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At 



5 



10 




mass spec. (FAB) 4B0 



mass spec. (FAB) 41 6 



m.p. 176-179*^ 



EXAMPLE 12 

15 Preparation of 17B-(4-aminophenoxy)-4-methyl-5a-4-azaandros 

one hydrochloride ; 

I76-(4-nitroplienoxy)-4-methyl-5a-4-azaandrostan-3-one 
(938 mg, 2.2 mmoie) in MeOH (70 ml) was hydrogenated at 40 psi in 
fee presence of Pt02 (400 mg) for 90 mins. To fee resulfeig mixture 
20 was added 5% cone, HQ in absolute efeanol (4 ml) under N2, and feen 
fee mixture was filtered through a pad of celite. The filtrate was 
concCTtrated, vacuum dried, and feen triturated wife CH2Cl2-hexane to 
give the title product, mp. 307-310'*C. 

25 EXAMPLE 13 

Preparation of 176-(4-acetamidophenoxy)-4-mefeyl-5a-4- 
azaandrostan'3-one ; • 

To 17B-(4-aminoplienoxy)-4-mefeyl-5a-4-azaandrostan-3- 
30 , one hydrochloride (7mg) in QI2CI2 (100 \iV) was added acetic 

anhydride (30 |il) followed by adding pyridine (50 The mixture 
was stirred at room temperature for 1 hr and feen concCTtrated to 
dryness. The residue was purified via a silica gel plate developed with 
5% MeOH - EtOAc (Rf = 0.3) to give fee title product, mp. 340°C. 
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EXAMPLE 14 

Preparation of 176-(4-caiboxamidophsnoxy)-4-mstfayl-5a-4- 
azaandrostan-^-nne 

To a solution of 17B-(4-cyanophenoxy)-4-methyl-5a-4- 
azaandrostan-3-one (102 mg, OJ25 mmole) in absolute ethanol (0.80 ml) 
and THF (0.40 ml) was added 30% H2O2 (0.20 ml) and then 5N NaOH 
(0.12 ml) dropwise. The resulting mixture was stirred at 48-50''C for 5 
hr. and concaitrated to a residue. The residue was taken up in 
methylene chloride and purified via pr^arative silica gel plate (Rf = 
0.3; 10% MeOH - EtOAc) to yield the title con5)omid, mp 313-315'»C. 

EXAMPT.K1S 

Preparation of 

a) 17B-phenoxy-4-methyl-5a-4-azaandrostan-3-one, 

b) 17a-phenoxy-4-methyl-5a-4-azaandrostan-3- 
pne and 

c) } 7ff-(4-biphenvloxv)-4-methv]-S»-4 -azaaTidmstan--^-ny ^^ 
To a mixture of 176-(4-aminophenoxy)-4-methyl-5a^- 

azaandrostan-3-one hydrochloride (49 mg) in cone. H2S04-95% BtOH 
(80 ml, 1:4 v/v) at 5-10°C was added 95% EtOH (0.75 ml) and ice (0.25 
g) with stirring. To this suspension at 5°C was added a solution of 
NaN62 (123 mg) in H2O (21.5 over 10 min. After stirring at 5»C 
for 1 hr. additional 95% EtOH (1.0 ml) was added and the reaction 
stirred at 5°C for 20 min to increase the sohibility and the diazotization 
process. To this mixture was added ether washed copper bronze (5 mg) 
and the mixture was heated at reflux for 5 min. The mixture was then 
purified on a silica gel plate developed with EtOAc (Rf = 0.25, EtOAc) 
to yield the tide product (a), m.p. 169.5-1 7 1°C. 

The tide product (b) was prepared by combining 176- 
hydroxy-4-methyl-5a-4-azaandrostan-3-one (61 mg., 0.20 mmol), 
phenol (57.4 mg, 0.60 mmol), PhsP (68 mg, 0.26 mmol), and DEAD 
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(43 jil, 0^ mmol) in dry THF (1.0 ml) in a test tube under N2, and 
heating tiie mixture to SC^C After 2 hours, TLC showed that about 
3-5% starting material remained in the reaction mixture. The mixture 
was purified via preparative TLC iii a sifica gel plate (1500 [i) 

5 developed with 4% MeOH/CH2Cl2 first and then after drying, with 
33% MeOH/CH2a2, to obtain the cmde product (b). The cmde 
material was re-purified via preparative TLC, each on a separate silica 
gel plate (1000 ji) developed with EtOAc. The product was obtained 
from both plates, and triturated with 5% CH2Cl2/hexane to yield the 

10 tifle compound (b). 

The title product (c) was prepared using essentially the 
same procedure as described for making title product (b), except 
substituting 4-hydroxybq)henyl for the phenol used therein. 
Rf = 0.3, EtOAc; m.p^ 219-222°C. 

15 

EXAMPLE 16 

Preparation of 17B-hexloxv-4>methvl-5a-4-azaaTidrpf^|an>'^>nnft 
To a solution of 176-hydroxy-4-mefliyl-5a-4- 

20 azaandrostan-3-one (102 mg, 0336 mmol) in DMSO (3 ml) was added 
powdered KOH (300 mg) followed by n-hexyliodide (400 ^il). After 
stirring the reaction mixture overnight, die reaction was diluted with 
water and extracted with efeyl acetate. The organic layer was washed 
with water, then brine, then dried (MgS04), and concentrated in vacuo . 

25 The residue was tiien purified by preparative thm layer chromatography 
to afford flie title compound, characterized by Hi NMR. 

Emplo3ring substantially the same procedure using 
KOH/DMSO as described above, but substituting coiiqjounds 10 and 11, 
below, for&e steroid and the n-hexyl iodide, respectively, used therein, 

30 the following products of formula 12 were made, as defined in 16a- 
16fr 
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Halo 


AIK 


b 


R2 


16a) 


-I 


-(CH2)3 CH(CH3)2 


Single bond 


-H 


16b) 


-I 


-(CH2)10CH3 


Single bond 


-H 


16c) 


-I 


-ai2CH2CH3 


Single bond 


-H 


16d) 


-Br 


-CH2CH=CH2 


Single bond 


-H 


16e) 


-Br 


-CH2ai=CH2 


double bond 


absent 


16f) 


-I 


r(CH2)5CH3 


double bond 


absoit 



EXAMPLE 17 

20 Preparation of 5a-4-a zaandTOStaTi-3-on-176-vloxvac&tic acid 

Step A: Preparation of testosterone-seco-acid ethyl ester 

Testosterone-seco-acid (24.0 g) and toluene-sulfonic acid 
monohydrate (0.5 g) in absolute ethanol were refiuxed for 3 hours. 
25 Removal of solvent gave the erode ethyl ester whidi was used in Step B 
without purification. 

StepB: Preparation of diethyl ester of testosterone-seco-acid-17B- 

vloxvacetic acid 

30 To the ethyl ester (19 g, from Step A) in methylene 

chloride (200 ml) was added, over a 5 hour period a solution of ethyl 
diazoacetate (7.6 ml) in methylene chloride (40 ml), and soHd ihodfami 
diacetate dimer (40 mg) was added in 10 portions during 5 hours, which 
resulted in ca. 50% conversion to the desired product The mixture was 



wo 93/23040 



PCr/US93/04746 



- 38 - 

concentrated to a residue which was purified by two silica gel flash 
cohmin dhroioatography to give the liquid title compound. 

Step C : Prgparation of testostgrone-seco>acid-I7B-vloxvac&tic acid 
5 To the diethyl ester (10.0 g, from Stsp B) in methanol (210 . 

inl) and THF (210 ml) was added 5N NaOH (50 ml) dropwise during 30 
nun. This mixture was stirred for ano&er 15 minutes and filtered. The 
filtrate was concentrated, and extracted with methylene chloride to 
remove non-acid impurities. The aqueous solution was acidified with 
10 6N HCl to pH 2 and extracted with CH2CI2. The organic layer was 
dried (Na2S04) and concentrated to give the tide diadd. 

Step D: Preparation of 4-azaandrost-5-en-3-on-17B-yloxyacetic 
acid 

2-5 The diacid (6.0 g, fi-om Step C) in glacial acetic add (52 

ml) and methylene chloride (16 ml) was charged with 
acetate (6.4 g). The mixture was heated at I22-125''C for 3 hours and 
distiUed off 17 ml of distillate. The reaction solution was stirred at 
80°C while adding deionized (DI) water (70 ml) dropwise during 30 

20 min. The mixture was stirred at 60-70°C for 15 minutes, at room 

temperature for 15 min, and at 0°C for 30 minutes. The sofid product 
was collected and dried. 

Step E : Preparation of 5a-4-azaandrostan-3-on-17B-yloxyacetic 

25 acid ■ , 

The unsaturated acid (3 J2 g, from Step D) in gladal acetic 
add (200 ml) and platinum oxide (1.0 g) was hydrogenated at 60°C 
under 40 psi for 24 hours. The mixture was filtered through a pad of 
celite, and the filtrate concentrated to dryness. The residue was 
3 0 recrystaUized from 5% MeOH in methylene chloride to yield the title 
acid. 
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EXAMPLE IS 

Piepaiatioii of 

a) 5a-4-azaandrostan-3-on-176-yloxy-N-(4- 
acetylphenyl)acetamide, 

b) 17B-methyleneoxy-[N-cyclohexyl-N-(N-cyclohex- 

ylcarbamoyl)carbamoyl]-5a-4-a2aaadrostan-3- 
one, and 

c) 5a-4-azaandrostaii-3-OD- 1 76-yloxy-N-phenyl- 
acetamidft 

To a mixture of 5a-4-azaandrostan-3-on-l 7B-yloxy acetic 
acid (280 mg) and 4-aminoacetophenone (200 mg) in methylene 
chloride (50 ml) was added DCC (500 mg) and DMAP (40 mg). The 
mixture was stirred at ambient temperature for 3 hours, and filtered. 
The filtrate was concentrated to a residue which was purified via 
preparative thin layer chromatography (TLC) on three silica gel plates 
(1000 ji) developed with 5.5% MeOH in EtOAc twice to give the title 
acetamide (a) (Rf^.33; mp. 252-254°C) and the title caibamate (b) 
(Rf^31). 

Employing substantially the same procedure, but 
substituting aniUne for the 4-aminoacetophenone, the title acetamide (c) 
(m.p. 263-265°C) and the title carbamate (b) were obtained. 

EXAMPLE 1Q 

Preparation of a) 5a-4-azaandrostan-3-on-176-yloxy-N-(4-t- 
butylphenyDacetamide and b) 17B-methyleneoxy-[N-isopropyl-N-(N- 
isODronvlcaibamovT^cari3amnvn- ^a-4-araaTi(irostar>-^-n^e 

To a mixture of 5a-4-azaandrostan-3-on-176-yloxy acetic 
acid (90 mg) and 4-t-butylaniline (80 mg) in DMF (3 ml) and methylene 
chloride (3 ml) was added DIG (100 mg) and DMAP (15 mg). The 
mixture was stirred at room temperature for 18 hours, and poured onto 
ice-water. The mixture was extracted with methylene chloride and 
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dried (Na2S04). Removal of solvent gave the crade products which 
were purified via preparative TLC on three silica gel plates 
(1000 m) developed with 2-5% MeOH in CH2CI2 about 5 times to give 
fee title amide (a) (hi^er Rf; mp 256-268°C) and the carbamate (b) 
5 GowerRf;mpl33-I37°C). 

EXAMPLE 20 

Prepaifation of 5a-4-azaandrostan-3-on-17B-yIoxy-N-[4-l *(RS)- 

10 hvdroxvetfavlphenvnaefttflTntde - 

To 5a-4-a2aandrostan-3-on-l 76'yIoxy-N-(4-acetylphenyl)-' 
acetamide (20 mg) in methanol (5 ml) at 10-15°C was added NaBH4 (18 
mg) in portions during 10 minutes. The mixture was stirred in the cold 
for 60 minutes and purified using two silica gel plates (1000 |i) 
15 developed with 9% MeOH in CH2CI2 to give the title compound 
. (Rf=0.41; n?) 281-283^0. 

EXAMP^P Z} 

20 Preparation of ethvl 5a-4-a2:aandroRtan>3>on>17& -vlQxv>ac&tate 

Step A : Preparation of 4-N-ben2oyH7B-t-butyl- 
diynethvl5 ^ilvIoxv-4>azaandrQSt-5-en-3-one 
To 176-t-butyldimethylsilyloxy-4ra2aandrost-5-en-3-one (2 
25 g) in pyridine (5 ml) at 5-I0°C was added baizoyl chloride (2 ml) in 
CH2CI2 (10 ml) dropwise. Afier the addition, tiie mixture was stirred 
at 60*^0 for 3 hours and poured onto ice-water. The mixture was 
extracted with me&ylene chloride, and dried (Na2S04). Removal of 
solvent gave the crade product which was reciystallized from CH2CI2- 
2 ^ hexane to afford the title product 



Step B: Preparation of 4-N-ben2oylrl76-hydroxy-4-a2a-androst-5- 
&n-3^on& 
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To the product of Step A, above, (2.0 g) in IHF (80 ml) in 
a polyethylene bottle was added hydrofluoric acid (2.0 ml) dropwise. 
The mixture was sitired at room temperature until the reaction was 
complete. The mixture was neutralized with saturated sodium 
bicarbonate solution until slightly alkaline. The mixture was 
concCTtrated, and extracted with me&ylene chloride. Tlie organic layer 
was dried (Na2S04), and concentrated to a residue which was purified 
via flash silica gel column chromatography eluted with 40-50% EtOAc 
in hexane to give the title product 

Step C: Preparation of 4-N-benzoyl-4-azaandrost-5-en-3-on-17p- 

vloxvacetic acid etfavl ester 

To the alcohol product from Step B, above and ethyl 
diazoacetate (0.5 ml) in me&ylene chloride (6.5 ml) was added rhodium 
15 diacetate dimer (15 mg) intennittently during 2 hours. The mixture 
was stirred at room t^nperature for 18 hours. The mixture was 
concentrated and the residue was purified via preparative TLC using 
two silica gel plates (2000 [i) developed with 40% EtOAc in hexanes to 
afford the title compound (Rf=0.33). 



10 



20 



Step D: Preparation of 4-azaandrost-5-en-3-on-17fi-yloxyacetic acid 
ethvl ester 

To the.product of Step C, above, (90 mg) in CH2CI2 (2.0 
ml) was added hydrazine hydrate (0.2 ml). The mixture was shaken for 
25 a few minutes and purified via preparative TLC using two silica gel 
plates (1500 fx) developed wife EtOAc to give the title product 
(Rf=0.54). 

Step E: Preparation of ethyl 5a-4-azaandrostan-3-en-17B- 

30 vloxvacetate 

The product of Step D, above, and platinum oxide (35 mg) 
in glacial acetic acid (2 ml) was hydrogenated at 40 psi for 22.5 hours. 
The mixture was filtered through a pad of celite. The filtrate was 
concentrated and ttie residue purified via preparative TLC using one 
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silica gel plate (1000 p.) developed with EtOAc to give the title product 
. (Rf^J22; ix^) 170-172°C). 

EXAMPLE 22 

5 . 

Preparation of etfayl 4-methvl-5a-4-azaandrostaD-3>oD-I7B-vloxvacetate 
To a solution of 17B-hydioxy-4-me&yl-5a-4-azaandrostan- 
3-one (237 g, 7.75 nmiole) in me&ylene chloiide (50 ml) was added 
eAyl diazoacetate (5.5 g, 48 xnmole) and liiodium diacetate dimer (50 

10 mg) inteimittendy in small portions during 60 hours resulting in ca. . 
35% conversion to product The mixture was passed throu^ a flash 
silica gel column eluted with 1.5% MeOH in aH2Cl2 to give the semi- 
purified product which was repurified via another flash silica gel 
colimm eluted with 60-95% EtOAc in hexane to give the title product, 

15 (Rf^3/EtOAc) mp. 39-41 "^C 

EXAMPLE 23 

Preparation of 4-methvI-5a-4-azaandrostan-3-on-17B-vloxvacetic acid 
20 To efliyl 47methyl-5a-4-azaandrostan-3-on-17B- 

yloxyacetate (275 mg) in TEIF (10 ml) and MeOH (5 ml) under N2 was 
added 2N NaOH (3.0 ml). The mixture was stirred at room 
temperature for 2 hours, then concentrated in vacuo. The aqueous 
residue was extracted widi CH2CI2. The aqueous layer was tiben 
25 acidified with 3.0 N HCI (ca. 2.1 ml) to pH 2, and extracted with 
CH2C12- The organic layer was washed with brine and dried 
(Na2S04). The solvent was removed, and the cmde product 
recrystallized from (IH2Cl2/hexane to give flie title compound. m.p. • 
180.5-184°C 



30 
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EXAMPLE 1A 



Preparation of a) diphenyhnetfayl 4-mefeyl.5a-4-aza-androstan-3-oD- 
17B-yloxyacetate and b) diphenylmethyl-5a-4-azaandrostan-3-on-176- 

5 vloxvacetate 

To 4-methyl-5a-4-a2aandrostan-3-on-176-yloxyacetic acid 
(3.5 mg) in CH2CI2 (0.2 ml) under N2 was added diphenyldiazo- 
mefhane (ca. 20 mg) in portions during 15 minutes. The reaction 
stirred at room ten5)erature for 2 hours, then additional diphenyldiazo- 

1 0 mefliane (ca. 5 mg) was added and the reaction was aUowed to stir 
overnight. The mixture was purified vja pr^arative TLC on a silica 
gel plate (1000 ji) developed with EtOAc to yield diphenyknethyl 4- 
methyl-5a-4-azaandrostan-3-on-l 7B-yloxyacetate, (Rf=0.4/EtOAc). 

Employing substantially the same procedure as described 

15 above, but substimting 5a-4-azaandrostan-3-on-176-yloxyacetic acid for 
the startmg acid used fliercm, diphenyhnethyl 5a-4-azaandrostan-3-on- 
176-ylox5racetate was obtained. 



EXAMPLE 

Preparation of a) 4-methyI-5a-4-azaandrostan-3-on-17B-yloxy-N-(3,4- 
dichlorobenzyl)acetamide and b) 4-methyl-5a-4-azaandrostan-3-on-17B- 
vloxv-N- phenvlacetflmiHf' 

Ethyl 4-mefliyI-5a-4-azaandrostan-3-on-l 7B-yloxyacetate 
(30 mg, ca. 70% pure) and 3,4-dichloroben2ylamine (0.3 ml) were 
heated together under N2 at 172''C for 18 hours. The mixture was 
purified via preparative TLC on a silica gel plate (2000 )i) developed 
with EtOAc to yield the crude dichlorobenzylacetamide compound. Hie 
crude product was dissolved in CH2CI2 and filtered, and flie soh^ent 
removed ia vacuo, and the residue was re-purified via preparative TLC 
on a sihca gel plate (500 ji) to yield the dichlorobenzylacetamide title 
product (a). MS M+ calculated for C28H38Cl2N203,.MW=521.53; 
observed m/e 520, 521. 522. 
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Employing substantially the same procedme as described 
above, but substituting aniline for tiie amine used tfaerein, and stirring 
the mixture for ca. 81 hours instead of 18 hours, the phenylacetamide 
title product (b) was obtained,. (Rf=s0.4 in 6:7 acetone:EtOAc), m.p. 
5 221-223^C 

EXAIV^LE 26 

Preparation of 5a-4-azaandrostan-3-on-176-yloxy-Nr(4- 

LO acetvlphfiTivT)anfttflTnirffi via mixed anhydride method 

To a mixture of 5a-4-azaandrostan-3>on-17B-yloxyacetic 
add (175 mg) and N-methyhnorphohne (60 in dry THE (80 ml) was 
stirred at room teinperature for 1/2 hour and then cooled to -20°C 
under N2* To this: mixture was added isobutyl chlorof oimate (75 ml) 
15 dropwise during 5 min* period and stirred at -20^0 for 20 niln- 
foUowed by adding a soluticoi of 4*amino-acetophenone (100 mg) in 
THE (3 ihl) dropwise. The mixture was stirred at -20°C for 1/2 hr and 
then at ambieat temperature ovemighL The mixture was concentrated 
and purified via preparative TLC developed with 11 % MeOH in EtOAc 
20 to give the title product 

EXAMPLE 27 



Preparation of a) 4-mefhyl-17a-phCTylsulfonyl-5a-4-azaandrostan-3- 
25 one and b) 4-mefhyH7a-phenylsul-finyl-5a-4-a2aandrostan-3-one 

isomer a and isomer b 

To 17a-thiophenoxy-4-methyI-5a-4-aza-androsten-3 -one 

(65 mg) in CH2CI2 (5 ml) was added a solution of MCPBA (53 mg) in 

CH2C32 (1 ml) dropwise. The mixture was stirred at room temperature 
30 for 1 hour and subjected to preparative TLC purification using two 

silica gel plates (2000 IL) developed with EtOAc twice (Rf=039; 0.18; 

0. 1 l/BtOAc X 2). Repurification peparatrve TLC afforded the title 

sulfone (a) (Rf = 0.44/EfOAc x 2; mp. 265-268''C) and the title 
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sulfoxide (b) isomer a (Rf =0.19/EtOAc x 2; mp. 180-1 81. 5°C) and the 
sulfoxide (b) isomer b (Rf=0.12/EtOAc x 2; mp 199-201'*C). 

EXAMPT.F.7.R 

5 

Preparation of a) 17B-(2-picolyloxy)-4-metfayl-5a-4-a2aandrostan-3-on« 
and b) 17B-benzvlnyv-4-methv1-5 a-4-azaandrostan-^-nnft 

To 176-hydroxy-4-methyl-5a-azaandrostan-3-one (61 mg) 
in THF (4 ml) was added 95% NaH (20 mg) and 2-picoIyl chloride 
10 hydrochloride (82 mg) under N2. TTie mixture was heated at 70-80°C 
for 18 hours. The mixture was purified vja silica gel preparative TLC 
to give the title compound (a) (Rf = 0^/EtOAc x 2; mp. 171-173'»C). 

Using benzyl bromide in place of 2-picoIylchloride in the 
above procedure gave the titie benzyloxy compound (b) (Rf = 
15 0.39/EtOAc X 2; mp. 1 98-199°C). 

EXAMPT.F, 7Q 

Preparation of 

^° a) 176-diphenyImethoxy-4-metfayl-5a-4- 

azaandrostan-3-one and 
h) 1 7B-diphftnYln^ethox v.5f7- 4-azaandmRtan.'^-r.n» 
To a stirred solution of 17B-hydroxy-4-methyl-5a-4- 
a2androstan-3-one (25 mg) and BF3-etherate (2 drops) in THF (1.5 ml) 
25 was added intermittently diphenyldiazomethane (5 mg X 4). Preparative 
TLC purification of the. mixture using a silica gel plate developed with 
EtOAc yielded title compound (a) (Rf = 0.4/EtOAc); m.p. 79-82°C. 

Title compound (b) was prepared using substantially the 
same procedure as described for title compound (a), except 17B- 
3 0 hydroxy-5a-4-azaandrostan-3-one was used as tiie starting material. 
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EXA]Vg>LE 30 

Preparation of 

a) 4-mefliyl-5a-4-a2aandrostaQ-3-on-176-yloxy-N- 
5 (4-acetylpli&nyl)acetaimde, and 

b) 17B-Biethyleneoxy-[N-cyclohexyI-N-(N-cycloh&xyl- 
carbamoyl)caibanioyl]-4-methyl-5a-4- 

a ra an firnstaD-3-bne 

To 4-metiiyI-5a-4-azaandrbstan-3-on-17B-yloxy 
10 acstic acid (43 mg) and acetylaniline (50 mg) in <ZH2Cl2 (2J5 ml) was 
added DCC (150 mg) and DMAP (5 mg) with stirring at room 
tempsrature for 18 hours. Silica gel preparative TLC purification (Rf 
= 0 J5/EtOAc) gave title compound (a) with m.p. 171.5-173°C, and tide 
compound (b) (Rf = 0.25/BtOAc). 

L5 ■ 

EXAMPLE 31 

. Preparation of 4-m&thvI>5a-4-azaandrostan-3-6n-17B-vloxvacetamide 
4-Methyl-5a-4-azaandrostan-3-on-17B-yloxyacetic acid (40 
20 mg) and fonnamide (0.8 ml) were heated at 178-1 80°C under N2 for 18 
hours. The mixture was cooled to room temperature and poured onto 
ice-water. The cmde product was extracted with CH2CI2 and dried 
0^a2SO4). RCTioval of solvent gave the crade product which was 
recrystallized from CH2Cl2-li^xane with trace MeOH to give title 
25 product^ m.p: 222-225**C 



30 
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EXAMPLE 32 




To a solution of azastezoid 32a (250 mg) in 
dimetiioxycyclo-hexane (10 ml) was added pyridinmn p- 
toluenesulfonate and flie reaction mixture was heated at 140''C for 2 hrs. 
The temperature of the reaction was increased and dimethoxy- 
cyclohexane was removed slowly by distillation over 4 his. Finally all 
the dimetiioxycyclohexane was distilled off and residue taken in ethyl 
acetate, washed with aqueous sodium bicarbonate, brine, dried and 
concentrated to give 32b. MS calculated for C27H43NO2, 413.65. 
Observed 413 (EI). 



EXAMPLE 33 
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To a soiufion of enol eflisr 32b (150 mg) in CH2a2 ^ ml) 
was added triefliyisilane (418.6 mg, 10 eq.) followed by slow dropwise 
addition of trifluoroacetic add (TFA) (2,07 g). After stirring the 
reaction overnight at room temperature, the reaction mixture was 
5 diluted with CR2CI2, washed with aq. NaHC03, brine, dried and 
concentrated. The lesidue was purified by preparative tltm layer 
chromatography over sifica gel using 30% acetone/CH2Cl2 as solvent to 
obtain 33a. MS calculated for C27H45NO2, 415.66. Observed 415(EI). 

^0 Also included with the scope of this invention are 4-N-X 

analogs wherem X is OH, NH2 or SCH3. The 4-N-OH and 4-N-NH2 
derivatives can be made by incorporating hydroxylamine or hydrazine, 
respectively, in place of methyl amine in the seco acid ring A closure 
for the starting androstanes herein as described in J. Mei Chem. 29, 

15 2998-2315 (1986) by Rasmusson et al. Further, reaction of the anion of 
the saturated 4-N-H androstanes, wherein the anion is generated from 
flie 4-NH precursor by sodium hydride, and methyl sulfenyl chloride 
can produce the corresponding 4-N-SCH3 derivative. Thus, substbiCTt 
R3 on the 4rN position also includes OH, NH2 and SCH3. 
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NMRDATA 
Angular MetfavlsrppTn^ MisegUanennsrppm ) 



0.58. 0.88 


5.28 f-OCH(Ph'>o'> 


0.66, 0.89 


1J29 fCH'^CH90C0^ 


0.64, 0.89 


5.49 r-COOCH9Ph^ 


0.69. 0.88 


3.31 r-CH90CH'^^ 


0.69, 0.89 


3.28 (-OCH^) 


0.64, 0.89 


3.32 (-CHlOCH'^^ 


0.64, 0.89 


1.25 C-CH'JSCH^CH^^ 


0.67, 0-89 


4.07 (-C3i20CH9COOH^ 


0.56. 0.84 


5.29 (-OCHfPh")? 


0.68, 0.88 


5-28 r-CH90CH(Ph^'> 


0.68, 0.88 


1-25 C-C3l9SCH9CH^^ 


0.68. 0.88 


1.24 (-CH2SCHfCH'?^7') 




1.27 


0.90, 0.93 


2.94 (-4-NCH3) 


0.92, 0.95 


2.93 (-4-NCTi3) 


0.91, 0.93 


2.93 (-4-NCH3) 


0.93. 0.99 


2.94 (-4-NCa3) 


0.93, 0.97 


2.95 (-4-NCH3) 


0.91. 0.93 


2.93 (^-NCfi3) 


0.91 (6H) 


2.93 (-4-NCIi3) 


0.91 (6H) 


2.93 (-4-NCii3) 


0.92 (6H) 


2.92 (-4-NC5i3) 


0.91 (6H) 


2.27 (Ph-C5i3) 


0.92, 0.94 


2.98 (-4-NCii3) 


0.92 (6H) 


2.15 (-NHC0Cii3) 


0.91, 0.93 


2.93 (-4-NCH3) 
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NMRDATA. CONT 
^a^nplft Ati^lar MethvlsfppmV Miscsllaneousfppm^ 





15a 


. 0.91, 0.93 


2.93 (-4-NC3i3) 




15b 


0.82, 0.92 


2.95 (-4-NCH3) 




15c 


0.83, G.91 


2.94 (-4-NCH3) 




16rtide) 


0.74, 0.87 


2.91 (■4-NCH3') 




16a 


0.76, 0.89 


2.92 (-4-NCS3) 




16b 


0.76. 0.89 


2.92 ^-4-NCH'^) 




16c 


0 76 0.88 


2 92 ('-4-NCH'^') 




16d 


0.80, 0.88 


2.92 (-4-NCH3) 




16e 


0.80, 1.10 


3.10 (-4-NCH3) 




16f 


0.78, 1.10 


3.10 (-4-NCH3) 




17, Step A 


0.94, 1.15 


1.27 (t) (-OCH2CS3) 


15 


17, Step B 


0.88, 1.14 


1.27 (t) (-OCH2C5i3) 








130 (t) (-OCH2CH3) 




17, Step C 


0.89. 1.15 


4.16 (-OCE2CX)OI?> 




17, Step D 


0.86,1.10 


4.12 (dd) (-OCH2COOH) 




17, Step E 


0.82, 0.90 


4.1 1 (dd) (-OCa2GOOH) 


20 


18a 


0.89, 0.94 


2.60 (-CO(3i3) 




18b 


0.81,0.91 






18c 


0.86, 0.92 






19a 


0.86,0.93 


131 (-C(qH3)3) 




19b 


0.82, 0.92 


1.22(d)(-CH(qa3)2) 


25 






1.44 (d) (-CH(qa3)2) 




20 


0.86,0.91 


1.48 (d) (-CH(OH)qa3) 




21, Step A 


0.87, 1.31 


0.91 (-C(CS3)3) 




21, Step B 


0.80, 1.30 






21, Step C 


0.85, 1.30 


4.09 (-OCIi2C02Bt) 



30 
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NMR DATA. CONT 





Hxampl& 


Aii^uiHr iviCTDVlSCppm y 




21, Step D 


0 86 1 12 


5 


21, Step E 






22 






23 


0 R2 n QO 




24a 


0 Rn n RQ 




24b 


0 70 0 RO 


10 


25a 


0 7fi n R7 




25b 


n R7 n o7 




26 


0.89, 0.93 




27a 


0.89, 0.93 




27b (Isom. a) 


0.90. 0.92 


15 


27b.(Isom. b) 


0.92. 0.98 




28a 


0.87. 0.91 




28b 


0.86, 0.91 




29a 


0.91, 0.93 




30a 


0.89, 0.93 


20 


30b 


0.80, 0.88 




31 


0.80, 0.89 



4.10 (-OCIi2C02Et) 
4.09 (-OCTi2C02Et) 
2.92 (-4-NCii3) 
2.94 (-4-NqH3) 

2.92 (-4-NCli3) 

4.18 (-OCii2C02CHPh2) 

2.91 (-4-NqH3) 

2.93 H-NCHs) 
4.08 (-OCIi2CO-) 

2.94 (-4-NCH3) 

2.94 (-4-NCH3) 

2.95 (-4-NCH3) 
2.93 (-4-NC|i3) 
4.54 (-Cii2Ph) 
5.42 (Ph2CiiO-) • 
2.60 (rCOCQs) 

2.92 (-4-NQi3) 

2.93 (-4-NCIi3) 



Novel compounds of this invention also include, but aie not 
limited to, the following compounds. These compounds can be 
prepared according to the procedures in the Examples indicated below, 
using tiie appropriate starting materials. 
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Prepared 



16 4-metfayl-17-(3-msthyIbiityloxymethyI)-5a-4-azaan 
5 3-one, 

16 4-inetiiyl-20-(3-mefeyIbiityloxymetfayI)-5a-4-azapregi^ 
one, 

18 4-methyl-17-(N-pfasnylcarboxamidometiioxymelh^ 
azaandrostan-S-one, 
10 10 4-metfayI-17-(p-iiilTOphenoxymefeyI)-4-methy 
azaandrdstan-S-one, 
17-(p-(dimethyIainino)phenoxymetfayl)-4-i^ 
azaandrostan-3-one, 
9 24-Cisopropyltfaio)-4-methyI-5a-4-a2acholan-3-one, 
15 4-mefcyl-17-(p-trime&yIanmiomiim)phenoxym 
azaandrostaii-3-one iodide, 
9 17<3-(isopropyltMo)propyI)-4-inetfayl-5a-4-aza^ 

3- oiie, 

1 6 . 17-(aUylGxymetfayl)-4-metfayl-5a-4-azaandrostan-3-oiie 

20 16 4-methyH 7-(ii-propyloxymethyl)-5a-4-azaandrostan-3- 

one, 

16 20-(anyloxymetiiyl)-4-mefhyl-5a-4-azapregnan-3-oiie, 

25 N-phenyl 4-methyl-5a-22-oxa-3-oxG-4-azacholaiiamide, 

26 N-(4-acetylphenyI) 4-mefliyl-5a-22-oxa-3-6xo-4- 
25. azacholanamide, 

16 4-inethyl-24-(2-metfayl-2-propenyloxy)-5a-4-a2acholaii-3- 
one, 

16 24-allyloxy-4-methyl-5cx-4-a2acholan-3-one, 
13 17-^-acetanrido)phenoxymethyI)-4-methyl-5a-4- 
30 azaandrostan-3-one, 

26 24-((4-aceftyI)phenyIaminocaibonylmetfaoxy)-4-me&^ 

4- azachoIan-3-(me. 
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The following conq)ounds are also enconq)assed by the 
instant invention. They can be prepared, using the appropriate starting 
materials, according to the procedures described in the noted examples, 
below. 

5 

Prepared 
bv Example 

11 1 7p-(4-methoxyphenoxy)-4-methyl-4-aza-5a-androstan-3- 

10 one (mp US-US^C) 

26 17P-(l-adamantylaminocarbonylmeflioxy)-4-aza-5a- 
androstan-3-one (mp 272-274*'C) 

26 17jJ-(2,2-dimethylethylaniinocarbonyhnethoxy)-4-aza-5a- 
androstan-3-one (mp 257-259°C) 

26 17p-(2-hydroxyethylaminocarbonyhneaioxy)-4-aza-5a- 
androstan-3-one (mp 213-214°C) 

26 1 7p-(N J^}-diisopropylacetamidoxy)-4-a2a-5a-androstan-3- 

one (mp 235-237''C) 

1 1 17j3-(2-cyanophenoxy)-4-methyl-4-aza-5a-androstan-3-one 
20 (mp IIS-IITQ 

10 17p-(4-mtrophenoxy)-4-a2a-5a-androstan-3-one (mp 280- 

282°C) 

10 17p-(2-mtrophenoxy)-4-aza-5a-androstan-3-one (mp 

263.5-265''C) 

25 14 17P-(2-carboxamidophenoxy)-4-methyl-4-aza-5a- 
androstan-3-one (mp 296-298''C) 

10 1 7P-(2-mtrophenoxy)-4-metbyI-4-aza-5a-androstan-3-one 

(mp 233-236'»C) 

1 1 17p-(3-cyanophenoxy)-4-methyI-4-a2a-5a-andiostan-3-one 
30 (mp 122-125*C) 

1^ 17a-(4-cyanophenoxy)-4-metfayl-4-aza-5a-androstan-3-one 
(mp 196-199°C) 

14 1 7P-(3-carboxamidophenoxy)-4-methyI-4-aza-5a- 

androstan-3-one (mp 255-258°C) 
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16 17P-{4-(NJ^-dimsthylcaibamoyl>phenoxy}-4-methyI-4~ 
azaoa-andn)Stan-3-oii& (mp 192-195°C) 

5 . BTOLOGTCAL ASSAYS 

PiepaiatioD of Human prostatic and .Qcalp 5a>reductases. 

Samples of human tissue were pulverized using a fireezer 
TnfTl and homogenized in 40 mM potassium phosphate, pH 63, 5 mM 
magnesium sulfate, 25 mM potassium chloride, 1 mM phenylmethyl- 
sulfonyl ftuoiide, 1 mM ditiiiothr&itol (DTT) containing 0^ M sucrose 
using a Potter-Elvehjem homogenizer. A cmde nuclear pellet was 
prepared by centrifiigation of the homogenate at l^OOxg for 15 min. 
The cmde nuclear pellet was washed two times and resuspended in two 
volxmies of buffer. Glycerol was added to die resuspended pellet to 
a final concentration of 20%. The enzyme susp^ision was frozen in 
ahquots at -SO^C. The ppstatic and scalp reductases were stable for 
at least 4 months when stored under these conditions. 

2^ 5arreductase assay. 

The reaction mixture contained in a final volume of 100 jil 
is: 40 mM buffer (human scalp, potassium phosphate, pH 6.5; human 
prostatic 5a-reductase, sodium citrate, pH 55), 0.3-10 [iMl^C-T (or 
3h-T) CT" stands for testosterone), 1 mM DTT, and 500 jiM NADPH. 
Typically, the assay wias initiated by the addition of 50-100 |xg prostatic 
homogenate or 75*200 ^g scalp homogenate and incobated at 37^0. 
After 10-50 nun the reaction was quenched by extraction with 250 pi of 
a mixture of 70% cyclohexane: 30% ethyl acetate containing 10 fig each 
DHT and T. The aqueous and organic layers were separated by 
centrifiigation at 14,000 ipin in an Eppendoif microfiige. The organic 
layer was subjected to normal phase HPLC (10 an Whatman partisil 5 
silica column equilibrated in 1 tnl/min 70 % cyclohexane: 30 % ethyl 
acetate; retention times: DHT, 6.8-7.2 min; androstanediol, 7.6-8.0 min; 
T, 9.1-9.7 min). The HPLC system consisted of a Waters Model 680 
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Gradient Systen equipped with a Hitachi Model 655A autosampler. 
Applied Biosystems Model 757 variable UV detector, and a Radiomatic 
Model A120 radioactivity' analyzer. The conversion of T to DHT was 
monitored using the radioactivity flow detector by mixing the HPLC 
effluent with one volume of Flo Scint 1 (Radiomatic). Under the 
conditions described, the production of DHT was linear for at least 25 
min. The only steroids observed with fee human prostate and sca^ 
preparations were T, DHT and androstanedioL 

Stumptail Macaqu e Protocol 

The following protocol is utilized wife fee stumptail 
macaque monkey to demonstrate fee effect of compounds of the present 
invention for promoting hair growfe. 

Twenty-one male stumptail macaque monkeys of species 
Macaca speciosa are assigned to vehicle control and dmg treatment 
groups on the basis of baseline hair weight data. This assignment 
procedure is necessary to insure that fee average baseline hair giowfe 
for each control and experimental group is comparable. The control 
and drug treatmoit groups are as foUows: 

1. Topical 50:30:20 vehicle (N = 6) 

2. Oral 5a-reductase and topical 50:30:20 vehicle (N = 5) 

3. Oral placebo (N = 5) 

4. 5a-reductase in vehicle (N = 5) 

-The vehicle consists of 50% propylene glycol, 30% ethanol and 20% 
water. A 100 mM concentration of topical 5a-reductase is fomiulated 
in this vehicle. The same 5a-reductase is administered as an oral dose 
of 0.5 mg per monkey. Immediately prior to fee dosing phase of fee 
study, hair is removed from a 1 inch square area (identified by four 
tattoos) in fee center of fee balding scalp. This hair collection is fee 
baseline hair growfe determination prior to fee beginning of treatment. 
Approximately 250 jiL of vehicle and 5a-reductase m vehicle is 
prepared and topically administered to fee tattooed area of fee scalp. 
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The selected Sa-redoctase and placebo is ingested by the monkeys at the 
same time as &e topical doses are administeied. The monkeys are dosed 
once per day, seven days per week for twenty we^. 

At four week intervals tiirpu^out the dosing phase of the 

5 . study, each monkey is shaved and the hair is collected and weighed. 
The body weight data (at baseline and during assay) is analyzed by the 
nonparametric Wilcoxon rank-smn test DiSeiences are sigmBc^t at 
p< 0.05. Hair weight data at each week collection for vehicle, placebo 
and treatment gfo^s are expressed as the change from baseline. 

10 Statistical analysis is performed on the rank of the data to show overall 
differences among groups at each four week collection. 

While tiie invention has been described and illustrated wife 
reference to certain preferred embodiments thereof, those skilled in the 

15 art will predate &at various changes, modifications and substitutions 
can be made therein without deputing &om the spirit and scope of the 
invention. For example, effective dosages other than the preferred 
dosages as set forth herein above may be applicable as a consequence 
of variations in the responsiveness of the mammal being treated for any 

20 of the indications for the conqjounds of die invention indicated above. 
Likewise, the specific pharmacological responses observed may vary 
accor<^g to and depending upon die particular active compound 
selected or whether there are present pharmaceutical carriers, as well 
as the ^e of formulation and mode of administration employed, and 

25 such expected variations or diSeiences in the results are contCTiplated 
in accordance with the objects and practices of the present invention. It 
is intended, therefore, that the invention be limited only by the scope of 
the claims which follow and that such claims be interpreted as broadly 
as is reasonable. 



r 
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10 



WHATTSr!T.ATMT?nT.Q- 



1 . A compound of fonnula I 

2 




15 



20 



30 



wherein a and h are both single bonds and R2 is hydrogen, or 
a is a double bond, b is a single bond and R2 is hydrogen, or 
a is a single bond, b is a double bond and R2 is absent; 



Zis 
nis 
Xis 



Rl 



R3 



IS 



IS 



25 R4 



IS 



-XR4. or -(CHRl)n-XR4; 

an integer selected from 1-10; 
-O- or -S(0)p-, 

wherein p is zero, 1 or 2; 

-H, aryl, or -Ci-Sallcyl unsubstitated or substituted with 
aryl and when n is greater than 1, Rl can be the same or 
different at each occurrence; 
-H, methyl, ethyl, -OH, -NH2 or -SCH3; 

1 ) -Ci -20 alkyl, unsubstituted 

or substituted with one or more of: 

a) -OH, 

b) halo, 

c) -Ci-8 alkoxy, 

d) -Ci-io alkenyl, 

e) -CONR5R5, wherein R5 is independently 

i) -H, 

ii) -Ci-8 alkyl unsubstituted or 
substituted with one or more of R7, 
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aiyl or heterocycle, the aryl being 
imsubstituted or substitated with one 
or more of R7 or R9, 

iii) aryl imsubstitiited or substituted with 
one or more of R7 or R9, or 

iv) heterocycle, unsubstituted or 
substitated with one or more 
ofR7orR9, 

f) -COOR6, wherein R6 is 

i) -H, 

ii) -Ci-g alkyl unsubstituted or 
substituted with one or more of 
R7 or aryl, the aryl beiug 
unsubstituted or substituted 

with one or moie of R7 or R9, or 
in) aiyl, unsubstituted or 

substituted with one or more of 
R7orR9, 

g) -S(0)p-R5, wherein p is defined above, 
1i).N(R5)2, 

i) aryl, unsubstifarted or substituted 

wifli one or more of aryl, R7 or R9, 
j) heterocycle, imsubstituted or substituted with 

one or more of R7 or R9^ 
k) -C3.IO cycloalkyl. 

unsubstituted or substituted with 

one or more of R7 or R9, or 
1) -CONRS-CO-NHRS, wherein R8 is -H, 
-Cl-g alkyl, benzyl or cyclohexyl, 

aryl, imsubstituted or substituted with one or 
more of aryl, R7 or R9, or 
heterocycle or -C3. 10 cycloalkyl, either 
of which is unsubstituted or substituted 
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with one or more of R7 or R9; 

R7is I) -OH. 

2) -Ci-3 alkoxy, 
5 3) -CN. 

4) -COOR6 

5) -Ci.8aIkyl-COOR6 

6) -N02, or 

7) -halo; and 

^° 8) ammo, mono-Ci-C4-alI^laiiiino, di-Ci-C4- 

alkylamino; 

^ 1) -Cl-8 alkyl, misubstituted or substituted with one or 
more of aryl or R7, 
2) -CO-A. -Ci-g alkyl-CO-A, -NHCO-A, or 

-S(0)p-A, wherein p is defined above and A is 

a) -H. 

b) -Ci-g alkyl, unsubstituted or substituted 
with one or more of 

2° i) -R7, or 

ii) aiyl, unsubsidtuted or substituted with 
one or more of R7, or 

c) aiyl, unsubstituted or substituted with one 
or more of R7, 

3) -NHCO-heterocycie. 

4) -N(R10)2 or -CON(R10)2 wherein RlO is 
indepmdently heterocycle, or -A, 

5) -NHCO-(CH2)q-CO-Q, wherein q is 1-4, 
and Q is -N(Rl 0)2 or -ORl 0; 



25 



30 



with the proviso that when Z is -OR4, r3 is -H, a is a single bond and h 
is a single or double bond, R4 is not isopentyl; 



or a phannaceutically acceptable salt or ester thereof. 
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2. The conq)oi2nd of Claim 1 having structural 

formula II 




10 

3. Tim ccnnpound of Qaim 2 wherein R4 is -Cl.20 
alkyl, unsubstituted or substituted wifli one or more of 

-OH, halo, -Cl-galkoxy, -Ci-6alkenyl, -S(0)p-R5, 
-N(R5)2, aryl unsubstituted or substituted with one or more 
of aryl, R7 or R9, heterocycle unsubstituted or substituted 
with one or more of R7 or R9, or -C3-10 cycloalkyl 
unsubstituted or substituted with one or more of R7 qr R^. 

4. The compound of Claim 2 wherein R4 is -Ci-20 
2^ alkyl substituted wifli -CONR5r5, .C00R6 or -C0NR8C0NHR8, 

5. The compoimd of Claim 2 wherein R4 is aryl 
unsubstituted or substituted with one or more of aryl, R7 or R9; 

heterocycle unsubstituted or substituted with one or more 
2^ ofR7orR9;or 

-C3.10 cycloalkyl unsubstituted or substituted with one or 
more of R7 or R9. 



6. The conipound of Claim 1 having structural 
formula m . 
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10 7. The compound of Claim 6 herein R4 is -Ci -20 

alkyl, unsubstituted or substituted with one or more of 

-OH, halo, -Cl-galkoxy, -Cl-6alkenyl, -S(0)p-R5, 
-N(R5)2, aiyl unsubstituted or substituted with one or more 
of aiyl, R7 or R9, heterocycle unsubstituted or substimted 

15 with one or more of R7 or R9, or -C3-10 cycloalkyl 

unsubstituted or substituted wife one or more of R7 or R9. 

8. The compound of Qaim 6 wherein R4 is -C1.20 
alkyl substituted with -CONR5R5, -COOR6 or -CONRScONHRS. 

20 

9. The compound of Claim 6 wherein R4 is 

aryl unsubstituted or substitoted with one or more of arvl 
R7orR9; ^' 

heterocycle unsubstitoted or substituted with one or more 
25 of R7 or R9; or 

-C3-10 cycloalkyl unsubstituted or substituted with one or 
more of R7 or R9. 

IQ. A compound selected from the groi:^ consisting of: 

30 

20-(methoxymethyl)-4-methyI-5a-4-azapregnan-3-one, 

17-(carbobenzyloxymethoxymelhyl)-4-methyl-5a-4-aza-androstan.3- 
one, 

5a-4-azaandrostan-3-on-176-yloxy-N-(4-acetylphenyl)-acetamide, 
17a-thiophenoxy-4-methyl-5a-4-a2aandrostan-3-one, 
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17-(metho^methyl)-4-mefliyl.5a-4-azaandrostan-3^^ 
17.(ethyllMomethyl).4-inethyi.5a-4-a2a^^ 
17-(carboxymethoxyinethyl)-4-metfayI-5a-^ 
17-(caiboeflioxymsfeoxyme&yI)-4-metfayI-5a-4«azaandro 
17-(caibob&iizyloxymethoxymethyl)-4-me&yl-5a-4-am 
3-one, 

17-(d^henylmslhoxymethyl)-4-methyI-5a-4-aza^ 
20-(diphenylmefiioxy)-4-methyl-5a-4-a2a5)regnan-3^ 
20-(methoxy)-4-methyl-5a-4-a22qpregnan-3-oiie, 
20-(methoxymetliyl).4-methyl.5a.4-azapregnan-3^ 
20-(d^henylmetfaoxymethyl).4-methy 
20-(ethyltMomethyI).4-mefeyl-5a-4-azapregnan-3.one^ 
20-<isoprG5>ylfhiomethyI)-^metiiyl-5 cx-4-a2apregiiaii-3-one, 
efliyl 4-metfayI-5a-4-azaandrostan-3-oD-176-yloxyacetate, 
diphenylmetfayl 4-methyI-5a-4-azaaiidrostan-3-on-176- 
yloxyacetate^ 

4.metfayl-5a-4-azaahdrostan-3-on-176.yloxy-N-(3,4-dic^ 

b&B2yI)acetamide, 
4-methyl-5a-4-azaaiidrostan-3<>n-17B-yloxy-N-phen^^ 
4-mefliyl-5a-4-azaandrostan-3K>n-17B-yloxyacetic acid» 
4-me&yl-5a-4-azaandrostan-3-on-I7B-yloxy.N-(4-acetyl- 

phenyl)acetaiiiide, 
4-methyl-5a-4-azaandrostan-3K)n-176-yloxyacetainide, 
17B-(4-biphenyloxy>4-melhyI-5a-4-a2aandrostan-^ 
17B-(2.4-diidtrophenoxy)-4-me1byl-5a-4-azaan^^ 
4-me&yl-17a-pheiioxy-5a-4-a2aandrostan-3-one, 
17a-(4-biphenyIoxy).4-methyI-5a-4-azaandrbstaii-3-one, 
1 7B-diphenylmethoxy-4-methyI-5a-4-azaaiidrostan-3-one, 
4-methyl-17a-tfaiophenoxy-5a-4-azaandrostan-3-oiie, 
4-mefhyl-17a.phenylsiilfonyl-5a-4-a2aandrosto 
4-me&yl-17a-phenyIsiilfmyl-5a.4-azaandrostan-:3-one (isomer a), 
4-mefliyH7a-plienylsulfinyl.5a-4-azaandrostan-3-one (isomer b), 
4.methyl-I7i5-(4-2ritropheno3qr)-5a-4-azaandrostan-3 
176-(4-aminophenoxy)-4-methyI-5a^-a2aandrostan-3-one 
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hydrochloride, 

17B-(4-acetaimdophehoxy)-4-inethyl-5a-4-azaandrostan-3-Qne, 
176-(4-cyanophenoxy)-4-metfayl-5a-4-a2aandrostan-3-cme, 
17B-(4-carboxaimdophenoxy)-4-methyl-5a-4-azaandrostan-3-one, 
5 176-metbyleneoxy-[N-cyclohexyI-N-(N-cyclohexyI-caii)amoyI)- 
carbamoyI]-4-metfayl-5a-4-a2aandrostan-3-one, 
4-inethyl-17B-C3-pyridyl)oxy-5a-4-azaandrostan-3-one, 
4-melfayl-17B-(2-pyridyI)methoxy-5a-4-azaandrostan-3-one, 
17B-benzyloxy-4-methyI-5a-4-azaandrostan-3-ons, 
10 efliyl 5a-4-a2aaiidrostaii-3-on-17B-yloxyacetate, 
5a-4-a2aandrostan-3-on-I7B-yloxyacetic acid, 
5a-4-a2aandrostan-3-on-17B-yloxy-N-phenyIacetaimde, 
5a-4-a2aandrostaii-3-on-176-yloxy-N-(4-acetylphenyI)acetainide, 
diphenylmetbyl 5a-4-azaandrostan-3-on-17B-yloxyacetate, 
15 17B-methyleneoxy-[N-cyclohexyl-N-(N-cycIohexyl- 
carbamoyl)carbamoyI]-5a-4-azaaiidrostan-3-one, 
5a-4-a2aandrostaii-3-an-l 7B-yloxy-N-[4-(l (RS>hydroxy- 
etbyl)phenyl]acetamide, 

5a-4-azaandrostaD-3-on-176-yloxy-N-(4-t-butylphenyl)acetaimde, 
20 176-methyleneoxy-[N-isopropyl-N-(N-isopropyI-carbamoyI)- 
carbamoyI]-5a-4-azaandrostan-3-one, 

17-(4-methylpentyloxy)-4-methyl-5a-4-azaandrostan-3-one, 
1 7-hexyloxy-4-methyI-5a-4-a2aandrostan-3-one, 
4*mefliyI-17-propyloxy-5a-4-azaandrostan-3-one, 
25 4-methyI-17-imdecyloxy-5a-4-azaandrostan-3-one, 
17-aIlyloxy-4-inetfayl-5a-4-a2aandrostan-3-one. 
17-aIlyloxy-4.inethyl-4-a2aandrost-5-en-3-ane, and 
17-hexyloxy-4-mefliyl-4-azaaiidrost-5-en-3-one, 
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or a phannaceutically acceptable salt or ester thereof. 
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11* A OQXXipound selected from the group consisting of: 

4^methyl-17-(3-methylbutyloxymethyl>5a-4-a2a^ 
4rmethyl-20-(3-mediyIbiityloxymetfayI)-5a-^ 
5 4-methyl-17-(N-phenylcarboxainidomethoxyinetfayI)-5a-^ 
azaandrostan-3-oiie, 
4-metfayl-l 7-(p-Mtropheno^metfayI)-4-inetiiyl-5a-4^ 
one, 

17-(p-(dimetiLylammo)phenoxymethyl)'^ 

10 3-one, 

24-(isopropylthio)-4-methyl^5a-4-azacholan-3-one, 
4-methyl-17-(p-trimetiiylanmoniiim)phenoxym 

azaandro5tan-3-one iodide, 
17-(3-(isopropyltMo)prDpyi)-4-melhyl-5d-4-a 

15 17-(aHyloxymethyl)-4-niethyl-5a-4-a2aandrostan-3-one, 
4-mediyH 7-<n-propyloxyniethyI)-5a-4-a2aandrQStan-3-one, 
20-(allyloxyme1fayl)-4-methyI-5a-4-a2apregnaii-3-one, 
N-phenyl4-methyI-5a-22-oxa-3-oxo-4-azacholanamide, 
N-C4-acetylphenyl) 4-metiiylr5a-22-oxa-3-oxo-^azachol^^ 

20 4-me&^yl-24<2-metfayl-2-propenyloxy>5a^azacholanr3-one, 
24-aIlyloxy-4-niettiyl-5a-4-a2acholan-3-one, 
I7-(p-acelamdo)phenoxyniefhyl)-4-melbyl-5a-4-azaim 
24-((4-acetyI)phenylanmocarbonylmethoxy)-4-meft^ 
a2acholan-3-pne, 

25 17P-(4-methoxyphenoxy)-4-methyl-4-aza-5a-androstan-3-one, 

-1 7|5-(1 -adamantylaminocarbonylnie&oxy)-4-aza-5a-androstan-3-one, 
17p-(2^-dimethyletiiylaminocarbonylniethoxy)-4-aza-5a 
one^ 

17p-(2-hydroxyethylaminocaibonylmetfaoxy)-4-a2a-5a-androsta^ 
30 one, 

17p-(NJ^^-(iasop^Qpylaceta^^idoxy)-4-a2a-5a-and^^^ 
17P-(2-cyanophenoxy>-4-nietiiyl-4-aza-5a-androstan-3-one, 
17p-(4-nitrophenoxy)-4-aza-5a-androstan-3 -one, 
17p-(2-nitrophenoxy)-4-aza-5a-androstan-3-one, 
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17p-(2-caiboxamidophenoxy)-4-methyl-4-a2a-5a-androstan-3-OM 
17p-(2-iiitrophCTOxy)-4-methyl-4-aza-5a-androstan-3-one, 
17p-(3-cyanophenoxy)-4-methyl-4-aza-5a-androstaD-3-one, 
17a-(4-cyanopheiioxy)-4-inethyl-4-a2a-5a-androstan-3-one, 
5 17^(3-caiboxainidophenoxy)-4-mefliyI-4-aza-5a-androstm and 
1 7P- { 4-(N^-dimethyicaibamoyl)-phenoxy } -4-methyl-4-a2a-5a- 
androstan-3-oiie, 

or a phannaceutically acceptable salt or ester diereof, 

10 

12. A phannaceutical composition comprising a 
therapeutically effective amomit of a compomid of Claim 1 in a 
pharmaceuticaUy acceptable carrier therefor. 

13. The use of a compound of Claim 1 for the 
preparation of a medicament useful for treating benign prostatic 
hyperplasia, acne, female hirsutism, male pattem baldness, androgenic 
alopecia, prostatitis, and/or preventing prostatic carcinoma in a human 
host in need of such treatment. 

20 

14. Hie use of Claim 13 wherein said compound is an 
inhibitor of 5a-reductase 1. 

15. The use of Claim 13 wherein said compound is an 
25 inhibitor of 5a-reductase 2. 

16. The use of Claim 13 wherein said compound is a dual 
inhibitor of both 5a-reductase 1 and 2. 
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